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GREETINGS  TO  COMRADE  J.  V.  STALIN  . 

FROM  THE  ACADEMY  OP  SCIENCES  OP  THE  OSSR 


Dear  and  Warmly  Beloved  Joseph  Vissarionovich! 

On  the  day  of  your  seventieth  birthday  the  Academy  of  Sciences  of  the 
Union  of  Soviet  Socialist  Republics  sends  you^  the  great  helmsman  of  the  country 
of  socialism,  its  ardent  and  heartfelt  greetings. 

In  you,  the  Academy  of  Sciences  greets  the  fighter,  the  thinker,  the 
scholar,  whose  entire  life  has  been  devoted  to  the  revolutionary  struggle  for 
the  liberation  of  the  working  class  and  all  the  tolling  masses,  the  sage  teacher 
and  leader  of  the  heroic  party  of  the  Bolsheviks,  of  the  Soviet  people,  amd  of 
ill  progressive  humanity. 

With  each  new  day  there  stand  more  clearly  evident  to  the  laboring  masses 
of  the  entire  world  the  great  historic  feats  which  you  have  achieved  and  are 
vchlevlng  in  the  struggle  for  the  triumph  of  the  cause  of  socialism,  peace,  euid 
democracy,  for  the  building  of  a  happy  and  Joyful  life  on  earth.  •  , 

The  Great  October  Socialist  Revolution,  which  became  a  reality  to  the 
peoples  of  Russia  under  the  inspired  leadership  of  Lenin  and  Stalin,  has 
opened  a  new  era  in  the  development  of -human  society,  on  era  of  the  downfall  of 
capitalism  and  the  triumph  of  socialism,  an  era  which  denotes  the  beginning 
of  the  true  history  of  humanity. 

Under  your  wise  guidance  socialism  has  been  built  in  our  country  euid  a 
decisive  victory  has  been  won  over  fascism  in  the  Great  Patriotic  War 5  this 
victory  has  opened  the  path  to  the  triumph  of  the  peoples'  democracies  in  a 
number  of  countries  of  Europe  and  Asia,  a  path  to  the  construction  of  a  power¬ 
ful  camp  of  peace,  socialism  and  democracy,  now  uniting  more  than  8OO -million 
human  beings. 

The  world-historic  victory  of  socialism,  and  the,  successful'  advance  of 
our  people  along  the  path  to  ccrmunlam  ore  the  greatest  triu35)h  of  the  Marxist- 
lUeninist  science  which  teaches  of  society,  of  the  laws  of  proletarian  revolu¬ 
tion,  of  the  construction  of  socialism  and  ccomnmism.  You  are  creatively  ♦ 
developing  Marxism-Leninism  and  are  arming  our  cadres  with  this  all-conquering 
doctrine,  you  are  guiding  us  by  the  transforming  power  of  Marxism  in  life. 

On  the  foundation  of  the  great  Leninist-Stalinlat  theory  of  the  possib¬ 
ility  of  the  triumiJh  of  soclaLHsm  In  our  country,  the  Soviet  people  have  built 
the  first  powerful  socialist  state  in  the  world.  The  great  Leninist-Stalinlat 
Ideology  of  equal  rights  and  friendship  between  peoples  has  found  its  incarna¬ 
tion  in  the  building  of  the  powerful  multinational  Union  of  Soviet  Socialist 
Republics,  :  • 

you,  dear  Comrade  Stalin,  like  the  deathless  Lenin,  are  the  light  and 
hope  of  all  progressive  humanity.  We  are  proud  of  the  fact  that  ve  ll-fre  in 
the  Stalinist  epoch  —  an  epoch  of  the  building  of  communism. 

For  So-yiet  scholars,  your  labors  of  genius  and  all  your  activity. 
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Joseph  Vissarionovich,  are  the  inexhezstibie  source  of  creative  inspiration. 

You  are  teaching  the  men  ani  vnaen  of  Soviet  science  the  profound 
principles  of  creative  boldness,  of  nerclless  struggle  against  routine  and 
stagnation.  You  are  educating  our  scholars  in  a  feeling  of  lofty  responsi¬ 
bility  to  our  country,  and  to  our  peccle  for  the  development  of  Soviet’  science. 
Your  historic  direction  to  the  scholars  of  our  country  —  not  only  to  reach, 
but  to  surpass  in  the  shortest  possltCe  period  the  attainments  of  science 
abroad  —  has  inspired  all  the  workers  in  science  with  new  energy,  with  the 
striving  to  press  indefatigably  forvsr'i  to  new  successes. 

Soviet  science  truly  serves  tc  strengthen  the  power  of  our  Fatherland, 
revealing  and  utilizing  the  countless  natural  treasures  of  our  country. 

Soviet  science  serves  the  cause  of  peace  and  the  prosperity  of  our  Fatherland, 

It  develops  on  the  firm  foundation  of  the  great  doctrine  of  Lenin  and  Stalin, 
it  is  doing  and  will  continue  to  do  ins  share  in  the  historic  cause  of  build¬ 
ing  communism.  Thanks  to  your  imvarying  attention  and  ceire,  extremely  favor¬ 
able  conditions  have  been  created  for  the  flourishing  of  every  variety  of 
progressive  science  in  the  Soviet  Unicn,  for  the  creative  friendship  of  science 
and  practice,  for  the  most  rapid  sciec.tific  generalization  of  the  experience 
of  progressive  practice  and  the  installation  in  industry  of  the  achievements 
of  science. 

The  Academy  of  Sciences  of  the  Union  of  Soviet  Socialist  Republics  is 
proud,  dear  Joseph  Vissarionovich,  that  you  are  £3  ]honorary  member  of  our  Academy. 

The  Academy  of  Sciences  of  the  USSR  and  the  entire  army  of  Soviet 
scholars  are  happy  that  in  our  counti^-  of  victorious  socialism,  science,  in 
accordance  with  your  directive,  is  actually  serving  the  people,  basing  itself 
on  the  tasks  of  elevating  the  well-being  of  the  toiling  masses,  on  the  inter¬ 
ests  of  protecting  peace.  And  with  a  feeling  of  great  admiration,  we,  the 
scholars,  are  continually  convinced  cf  the  fact  that  there  is  not  a  single 
branch  of  science  and  culture  where  2’^:ur  guiding  thought  is  not  expressed, 
where  your  creative  genius  is  not  reflected. 

We  send  you  our  heartfelt  greetings,  dear  Joseph  Vissarionovich,  on 
the  day  of  your  seventieth  birthday;  ve  express  our  feeling  of  gratitude;  we 
extend  to  you  ourvam  wishes  for  many,  many  years  of  life  and  health  for  the 
welfare  and  the  glory  of  o»ir  great  Fazherland,  for  the  happiness  of  the  labor¬ 
ing  masses  of  the  entire  world. 

Long  live  our  beloved  teacher  sid  leader,  the  glory  of  the  yoviet 
people,  the  pride  of  Soviet  science  —  the  great  Stalin. 


.  Difcussed  and  accepted  by  the  participants 
at  2  general  meeting  of  the  Academy  of 
Sciences  of  the  USSR 
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CHARACTERISTIC  FEATURES  0P‘  THE  DEVELOPMENT  OP  CHEMISTRY  IN  THE 


USSR  IN'  THE  YEARS  OP  THE  STALIN  PIVE-YEAR  PLANS 


S. :  N. .  Danilov 

The  ci'eat  October  Socialist  Revolution  made  a  basic  change  in  every 
aspect  of  o\;^  country's  life,  revealing  broad  possibilities  for  its' economic 
and  cultural  growth.  In  the  very  first  years  of  Soviet  power,  on  the  initia¬ 
tive  of  the  organizer  of  the  Soviet  state,  V.  I.  Lenin  —  the  genius  of  the 
revolution,  the  coryphaeus  of  science,  the  greatest  human  being  of  modern  times  — 
powerful  measui'es  were  adopted  for  the  development  of  education  and  general 
culture,  and  for  the  raising  of  the  level  of  the  people's  economy  of  our 
Fatherland  to  a  height  unequalled  in  the  past.  And  this  was  despite  the  diffi¬ 
cult  conditions  in  which  the  Republic  of  Soviets  then  found  itself  as  a  result 
of  the  fierce  struggle  with  the  ^ite -guard! sts  and  the  interventionists.  • 

But  the  extremely  rapid  development  of  Industry  and  agriculture  was  ac¬ 
companied  by  the  widespread  establishment  of  a  network  of  schools,  institutions, 
of  higher  learning,  and  scientific  establishments,  which  was  begun  In  partlculEur 
after  the  time  when  Joseph  Vissarionovich  Stalin,  the  great  continuator  of 
Lenin's  cause,  set  before  the  XIVth  session  of  the  Communist  Party  in  December, 
1925,  the  task  of  converting  the  Soviet  Union  from  an  agrarian  country,  with 
a  backward  technique,  into  an  industrial  country,  with  a  powerful  industry  and 
large-scale  agriculture. 

The  rise  and  development  of  industries,,  amon^  them  the  chemical  Industry, 
which  was  begun  in  1922,  when  the  young  Soviet  Republic  was  devastated’ by  enem¬ 
ies  who  had  set  upon  it  from  all  sides,  attained  very  great  momentum  from  the 
time  of  the  historic  speech  of  Comrade  Stalin  at  the  XIVth  session  of  the  party. 
In  the  following  years  (1925-1929)  which  were  a  sort  of  preparatory  period  for 
the  remarkable  Stal?,n  Five-Year  Plans  for  the  development  of  the  people's 
economy,  much  was  already  achieved,  both  in  raising  o\xr  Industry  and  agriculture 
to  a  higher  level,  and  in  the  preparation  of  personnel  as  specialists  of  dif¬ 
ferent  kinds .  ... 

At  the  XVth  session  of  the  Party  in  1927^  J.V. Stalin  designated  as  our 
main  task  the  collectivization  of  agriculture.  The  most  important  condition 
of  this  noteworthy  plan  for  the  transformation  and  development  of  agriculture 
was  the  widespread  introduction  of  agricultural  machines,  on  the  basis , of  . a- 
broad  development  of  metallurgy  and  machine  construction,  and  of  artificial 
chemical  fertilizers. 

In  the  development  of  chemical  science  and  chemical  industry,  a  great 
role  was  played  by  the  decree  of  the  Council  of  Peoples  Commissars  of  April 
28,  1928  on  the  formation  of  a  Committee  to  introduce  chemistry  into  the 
peoples'  economy,  in  particular  on  the  wider  dissemination  of  scientific-research 
work  in  the  field  of  chemistry,  leaving  large-scale  methods  aside. 

From  1929  on  o\ir  country  entered,  as  Comrade  Stalin  had  directed,  on 
•the  path  of  fiJ.f illment  of  the  great  Five-Year  Plans  for  development  of  the 
peoples'  economy. 
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The  greatest  of  scholars,  J.V. Stalin,  developed  the  path  and  the  most 
Important  conditions  for  the  socialist  industrialization  of  our  country  and  for 
the  collectivization  of  agriculture;  he  vas  the  Initiator,  the  Insplrer,  and 
the  guide  in  the  construction  of  new  branches  of  industry,  of  a  great  number 
of  new  factories  and  mills,  of  new  indus+rial  towns  and  regions. 

In  April,  1929,  the  XVTth  p.-^rty  conference  adopted  the  first  Five -Year - 
Plan  for  the  development  of  Industry  and  agriculture. 

After  the  first  Five-Year  Plan  (1929-1935)#  actually  before  the  period 
was  completed,  there  followed  a  second  extraordinarily  fruitful  Five-Year  Plan 
for  the  peoples'  economy;  this  was  completed  in  April,  1937#  after  h  years  and 
3  months. 

In  accordance  with  the  resolution  cf  the  XVIith  session  cl'  the  CPSU 
(Bolsheviks),  which  vTas,  *To  produce  decisive  shifts  in  the  development  of 
chemical  industry,  to  secure  the  widespread  Introducil  '<n  of  chemical  methods 
into  all  branches  of  the  peoples’  economy,  and  to  strengohen  the  defensive 
capacity  of  the  country",  by  the  end  of  the  second  Five -Year -PI an  great  progress 
had  been  made  in  the  hard  coal,  slate,  and  petroleum  industries,  in  ferrous 
metallurgy  (smelting  of  cast  iron  and  steel,  high  quality  rolled  iron),  in  non- 
ferrous  metallurgy  (copper,  nVumlnum,  nickel,  tin),  in  fetnilizers,  In  the 
nitrate  industry,  ir.  synthetic  rubber,  artificial  fibers,  plestics,  and  in  many 
other  branches  of  production. 

The  end  of  the  second  Five -fear  Plan  vas  made  notewortii^'  by  the  declara¬ 
tion  on  December  5,  19^6  at  the  XVIith  session  of  the  Sovlletr,  of  the  Stalin 
Constitution,  which  noted  the  honorable  rights  and  obligations  of  a  Soviet 
citizen,  summed  up  the  progress  made  in  socialist  construction,  ans  set  up 
stable  foundations  for  the  building  of  a  communist  society.  As  a  result  of  the 
successful  completion  of  the  first  and  second  Five-Yeair  Plans,  our  Fatherland 
was  converted  into  a  country  which  had  by  its  own  means  supplied  its  economy 
and  defense  with  all  necessary  technical  equipment.  In  1933#  Comrade  Stalin 
could  already  say:  "Nor  did  we  have  a  major  chemical  industry.  Now  we  have  one". 

In  1933,  at  the  XVITIth  session  of  the  CPSU(B),  a  proposal  was  developed 
with  regard  to  the  third  Five-Year  Stalin  Plan  for  the  development  of  Industry 
and  agriculture.  The  third  Five-Year  Plan  was  carried  out  under  the  slogan  of 
paying  especially  great  attention  to  the  needs  of  extending  chemistry  through 
the  country:  "The  third  Five-Year  Plan  is  a  chemical  Five-Year  Plan."  The 
progress  of  chemical  methods  as  a  result  of  the  firs'C  and  second  Plans  was  to 
be  greatly  multiplied  as  a  result  of  the  third  Plan  for  the  economy.  Its  suc¬ 
cessful  completion  whs  prevented  by  the  bandit  onslaught  of  the  fascist  hordes 
upon  the  Land  of  the  Soviets. 

After  the  victorious  conclusion  of  the  four -year  Patriotic  War,  our 
Fatherland,  under  the  wise  guidance  of  Comrade  Stalin,  advanced  toward  the  ful¬ 
fillment  of  the  postwar  Five-Ye-ar  Plan  for  the  reconstruction  and  development 
of  the  national  economy.  In  the  years  of  this  Plan,  great  and  complicated 
tasks  were  set  before  chemical  industry  with  regard  to  its  further  large-scale 
growth.  At  the  some  time,  honorable  tasks  were  set  before  those  active  in 
science  and  technology.  In  Point  3  of  the  Decree  on  the  postwar  Five-Year  Plan, 
adopted  by  the  Supreme  Soviet  of  the  USSR  on  March  l3,  1SU6,  it  was  noted; 

"In  order  to  provide  the  utmost  in  techiuical  progress  for  all  branches  of  the 
peoples'  economy  of  the  USSR,  as  a  condition  for  the  mighty  upsurge  of  production 
and  the  increased  productivity  of  Labor,  it  is  necess'iry  not  only  to  reach,  but 
to  surpass  in  the  shortest  possible  time  the  attainiiients  of  science  beyond  the 
borders  of  the  USSR." 
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The  postwar  Five-Year  Plan  for  the  reconstruction  and  development  of 
the  peoples'  economy  has  already  been  completed  with  regard  to  many  important 
tasks.  The  last  year  of  this  plan  —  1950  —  offers  a  clear  index  of  the 
powerful  development  of  all  branches  of  life  in  our  Soviet  fatherland.  Soviet 
chemistry  is  laboring  with  honor  for  the  completion  of  the  Five-Year  Plan  for 
the  chemical  industry.  '  ■  • 

During  the  time  of  the  Stalin  Five-Year  Plans  for  the  peoples*  economy, 
under  the  guidance  of  the  great  Stalin,  the  greatest  successes  have  been 
attained  in  chemical  Industry  and  in  chemical  science,  inseparably  bound  to 
each  other. 

Chemistry,  like  all  other  sciences  in  the  USSR,  is  being  developed  on 
the  basis  of  dialectical  materialism,  so  remarkably  enriched  and  applied  with 
such  genius  by  V. I. Lenin  and  J.V. Stalin. 

It  is  easy  to  observe  a  series  of  characteristics  in  the  development 
of  chemical  science  in  the  USSR  in  the  Leninist '-Stalinist  epoch,  and  especially 
in  the  years  of  the  great  Stalinist  Plans. 

Let  us  enumerate  several  general  characteristic  features  in  the  develop¬ 
ment  of  Soviet  chemistry: 

1.  The  characteristics  of  Soviet  science  are  determined  by  the  Structure 
of  our  state,  by  the  laws  Inscribed  in  the  Stalin  Constitution,  by  the  tasks 
of  socialist  construction}  it  is  a  fundamental  section  of  the  state.  .Science 
in  the  Soviet  state  knows  no  rivalry  and  no  planlessness,  it  belongs  to  the 
entire  people.  All  this  is  true  in  every  respect  of  chemistry  too. 

2.  The  broad  scope  of  scientific  research  in  the  various  sections  of 
chemistry  is  possible  because  of  the  rapidly  growing  personnel  in  chemical 
science,  who  are  developing  large-scale  collective  projects  of  scientific  ^d 
technical  knowledge;  the  different  scientific  disciplines  are  confronted  with 
profound  questions,  of  importance '.to*  the  solution  of  definite  practical  problems 
The  planning  of  scientific  reseeirch  work  according  to  five-year  and  one-year 
periods  makes  its  accomplishment  very  successful. 

5.  A  many-sided  theoretical  study  of  naturally  and  artificially/obtained 
substances  is  founded  on  a  wide  range  of  raw  materials,  of  value  to  the  peoples 
economy  either  at  the  very  moment  or  in  the  future.  During  the  time  of  the 
Stalin  Plans  a  huge  broadening  of  the  raw  material  basis  for  chemical  industry 
was  accomplished. 

U.  The  high  theoretical  level  of  scientific  research,  with  a  broad  exam¬ 
ination  of  the  problems  raised,  profound  theoretical  acuteness  on  the  one  hand, 
and  on  the  other,  the  detailed  treatment  of  technical  problems  on  the  basis  of 
theoretical  data. 

5.  The  close  ties  between  scientific  investigations,  with  their  high 

theoretical  level,  and  daily  practical  problems,  the  demands* of  industry,  agri¬ 
culture,  medicine,  etc.  ' 

6.  The  characteristic  that  practice  and  theory,  as  they  should  be,  are 
mutually  related:  scientific  achievements  receive  practical  application,  and 
the  needs  of  practice  evoke  theoretical  problems. 

7.  The  direct  ties  between  the  widely  developed  chemical  research  and 
the  increasing  number  of  scientific  chemical  establishments  and  chemical  person 
nel  with  the  tasks  of  completing  the  Stalin  Five-Year  Plans  become  all  the  more 
numerous  as  the  Five-Year  Plans  for  the  peoples'  economy  set  clearly  outlined 
problems  to  scientific -technical  thought. 


8.  The  much-broadened  flow  of  scientific  chemical  investigation,  expressed, 
among  other  ways,  by  the  enormous  growth  in  the  number  of  scientific  conferences, 
chemical  Journals,  ajrticles,  books  on  specific  problems,  etc.,  compared  to  the 
situation  before  the  Stalin  Plans. 

9.  The  rapid  application  of  scientific  achievements  in  practice  this  was 
impossible  in  pre-Eevolutionary  Russia.  As  an  indication  of  tnis,  it  is  suffi¬ 
cient  to  recall  that  as  a  result  of  the  tireless  zeal  of  Corarad-is B.H.  Kirov, 
G.K.Ordzhonokidze,  and  in  particular  of  Comrade  Stalin,  the  synthetic  divinyl- 
rubber  of  S.V. Lebedev  traveled  the  road  from  laboratory  specimens  to  large- 
scale  factory  production  in  a  period  of  about  three  years  in  all. 

10.  Soviet  chemistry  travels  its  own  paths,  and  taking  part  in  the  general 
development  of  wcrld  science,  adds  to  the  latter  the  very  great  acquisitions 
made  during  its  development;  in  a  number  of  instances  it  has  made  discoveries 
and  achieved  results  which  have  pointed  out  new  paths  for  chemical  science. 

11.  New  Soviet  schccls  have  been  founded  in  the  meet  important  branches 
of  chemistry-  'There- is -a  clear- organic  connection  between  the  work  of 
the  Soviet  chemical  ochools  and  the  work  of  the  Russian  chemical  schools  of 
the  pre-Revoluticr.u'y  period,  but  of  coiurse  with  those  changes  in  the  direction 
of  investigation  which  have  been  evoked  by  the  characteristics  of  the  Stalinist 
epoch;  there  is  no  cause  for  vonder  in  this,  as  chemistry  Is  an  experimental 
science,  and  new  schools  and  directions  follow  from  earlier  existing  schools. 

Russian  chemistry,  beginning  with  M.V. Lomonosov,  has  added  valuable 
treasures  to  world  science,  in  particular  in  the  second  half  of  the  XIX  century 
and  in  the  XXth  cemtuiy  (N.N. Zinin,  A. M. Butlerov,  D.I.Mendelyeev,  and  others). 

Towards  the  time  of  the  Great  October  Socialist  Revolution,  mF.ny  famous 
schools  of  chemical  science  acquired  great  renown;  their  leaders,  with  great 
persistence  and  inspiration,  have  continued,  and  continue  to  work’  during  the 
Soviet  period  of  our  science  as  well,  their  pre -Revolutionary  activity  being 
succeeded  by  work  in  Soviet  chemistry  (N.S.Kurnakov,  A.E.Favorsky,  N.Ya.  Demyanov, 
N.D. Zelinsky,  and  many  others). 

From  these  schools  have  sprung  young  Soviet  schools  of  chemical  science, 
successfully  aiding  in  the  completion  of  the  Stalin  Five-Year  Plan. 

It  is  impossible,  in  a  short  article,  to  give  much  information  about  the 
scientific  discoveries  of  Soviet  chemists  in  even  any  single  branch  of  chemistry 
during  the  extremely  fruitful  period  of  the  Stalin  Five-Year  Plans. 

The  goal  set  for  this  article  will  have  been  attained  if  we  succeed  in 
showing,  by  means  of  several  ezeampies  the  great  achievements  made  and  the 
main  features  of  Soviet  chemistry  in  the  Stalinist  epoch.  We  shall  take  our 
examples  from  those  groups  of  substances  which  have  a  very  important  raw  mater¬ 
ial  base,  a  base  which  has  been  greatly  broadened  during  the  past  2p  years 
and  plays  an  extremely  important  role  in  the  glorious  industry  of  cur  Fatherland. 

Naturally,  tae  things  that  .are  of  chief  importance  with  regard  to  jesourccs 
and  means  of  production  are  mineral  substance's,  particularly  the  metals,  ferrous 
and  non-ferrous,  ana  inorganic  salts  and  acids,  which  find  application  in  industry 
in  huge  quantities  and  as  chemical  fertilizers  for  collective  f.armr.^ 

We  shall  dr-cv  our  examples  from  the  chemistry  of  carbon,  and  in  particular 
we  shall  review  briefly,  in  the  first  place,  the  successes  in  the  field  of  hydro¬ 
carbons,  with  special  emphasis  on  the  chemistry  of  petrole\uii  and  cheinical  rubber, 
and  in  the  second  *he  chemistry  of  c:-:^’gen  and  t>itrogen  compounds,  such  as: 

sugars  and  poly sacch  w  iles  (cellulose),  and  protein.  Despite  essential  differences 
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in  composition  and  properties,  all  these  groups  of  compounds  are  characterized 
hy  certain  bonds  of  relationship.  These  ceirbon  compounds  are  of  fundamental 
importance  in  broad  branches  of  chemical  industry,  especially  those  developed 
during  the  years  of  the  Stalin  Five-Year  Plans.  Because  of  the  diversity  of 
their  forms  and  properties,  these  compounds  are  also  of  much  interest,  and  con¬ 
tribute  a  great  deal  to  the  development  of  our  views  in  the  field  of  organic 
chemistry. 

T.  The  Chemistry  of  Hydrocarbons  in  Relation  to  the  Chemistry  of 
Petroleum  and  of  Synthetic  Rubber 


The  widespread  distribution  and  availability  of  hydrocarbons,  their  great 
practical  value,  the  simplicity  of  their  composition,  and  consequently  the  great 
possibilities  of  explaining  the  characters  of  hydrocarbon  chains  (straight, 
branching)  or  hydrocarbon  rings,  with  simple  and  multiple  bonds,  and  in  addition 
the  properties  of  the  hydrogen  atoms  attached  to  a  chain  or  ring  —  all  these 
factors  make  this  group  of  organic  compounds  extremely  Interesting.  The  chem¬ 
istry  of  hydrocarbons  has  now  become  a  very  broad  field.  The  richest  source 
of  hydrocarbons  is  in  crude  oils. 

We  are  especially  Interested  in  those  reactions  of  petroleum  hydrocarbons 
which  offer  the  possibility  of  altering  the  nature  of  the  hydrocarbons;  this 
is  done  because  of  its  special  value  as  a  component  of  motor  and  other  fuels, 
or  as  a  means  of  its  utilization  for  syntheses  of  great  technical  value. 

The  question  of  the  composition  of  petroleum  is  of  especially  great  in¬ 
terest;  so  is  the  question  of  changing  its  composition  by  means  of  chemical 
action,  as  for  example,  in  order  to  Increase  the  anti -detonation  properties  and 
to  increase  the  amount  of  aromatic  hydrocarbons. 

This  refers  primarily  to  the  paraffin,  naphthenic,  and  aromatic  hydrocfiir- 
bons  of  petroleum  and  in  part  to  natural  gases. 

Hydrocarbons  with  one  or  two  multiple  bonds,  especially  those,  obtained 
by  the  decomposition  (pyrolysis,  cracking)  of  petroleum  hydrocarbons,  attract 
great  Interest  as  starting  materials  for  the  production  of  synthetic  rubber  and 
other  higli  polymers. 

We  may  recall  here  the  ever  growing  value  of  polythene,  polyisobutylene, 
butyl  rubber,  and  the  aifferent  synthetic  copolymerized  rubbers. 

Among  the  hydrocarbons  with  triple  bonds,  acetylene  has  long  had  great 
technological  value,  but  more  recently  the  ethylene  acetylenes  have 'also  become 
important,  as  a  result  of  their  utilization  by  way  of  their  halogen  derivatives 
in  chlor  rubbers.  However,  "wood  acetylene”  ,  which  is  now  so  widely  used, 
will  be  treated  only  partially  in  this  article,  in  view  of  the  fact  that  it 
is  based  on  the  use  of  calcium  carbide,  and  is  apart  from  the  chemistry  of 
petroleum  and  the  rubbers  (not  counting  chloroprene) . 

Of  those  purely  biochemical  and  physiological  substances  which  appear,  ac¬ 
cording  to  our  present  state  of  knowledge,  to  be  characteristic  of  the  organism, 
none  seem  to  be  related  to  the  hydrocarbons.  However,  hydrocarbons  are  produced 
in  plant  organisms;  we  may  refer  to  the  terpene  hydrocarbons  and  to  rubber,  (which 
is  based  on  isoprene),  both  of  which  play  other,  chiefly  protective,  roles  in 
plants. 

Petroleum  is  related  to  the  substances  of  the  animal  and  plant  world  in 
the  sense  that  it  was  formed  from  them  over  extended  geological  periods.  There 
is  thus  a  relationship  in  origin,  despite  the  profound  difference  in  properties. 


between  the  hydrocarbons  of  petroleum  and  the  compounds  of  a  carbohydrate  and 
protein  nature. 

As  the  result  of  a  combination  of  ox i da Mon -re auction  transformations, 
a  great  number  of  plant  residues  have  been  converted  by  oxygen,  in  the  course 
of  geological  ages,  along  complicated  paths,  into  numerous  hyorocarbons  of  dif¬ 
ferent  molecular  weights  and  different  structure,  [ij. 

Butlerov  ana  his  students  did  a  tremendous  amount  to  explain  the  struc¬ 
tures  ana  properties  of  hydrocarbons.  Isomers  of  the  saturated  and  ethylenic 
hydrocarbon  series,  predicted  by  Butlerov's  structural  theories,  were  synthesized 
and  their  structures  clarified;  these  Include,  the  structure  of  Isobutane  (by 
Butlerov),  tetrame thy Ime thane  (M.D.Lvov),  and  isobutylene  (Butlerov),  etc. 

Tlie  chemistry  of  acetylene  and  diene* •  hydrocarbons  has  been  developed 
by  many  of  our  chemists:  A.P.Sabunyecv,  A.P.Eltekov,  M.G.Kucherov,  and  especially, 

A. E. Favor sky  (from  l884),  as  veil  as  S.V. Lebedev  at  a  much  later  time. 

Butlerov's  students  also  tremendously  enriched  the  chemistry  of  polymethyl¬ 
ene  hydrocarbons.  The  simplest  rings  and  their  transformations  were  successfully 
investigated  by  G.G.Gustavson,  S.M.Tanatar,  V.V.Markovnikov,  M. I. Konovalov,  N.Ya. 
Demyanov,  N.M.Kizhner,  A.E.Favorsky,  and  N.D. Zelinsky.  Much  of  value  in  the 
chemistry  of  terpenes  was  accomplished  by  A. E. Vagner,  F.M.Plavitsky,  and  in  the 
last  quarter  of  the  century  in  particular,  by  S.S.Nametkln  and  others. 

These  famous  pages  in  the  history  of  Russian  organic  chemistry  should  not 
be  forgotten.  Many  successes' in  tnese  branches  of  chemical  science  in  the  Soviet 
period  are  connected  with  them. 

In  this  article,  with  regard  to  the  chemistry  of  the  hydroceorbons,  we 
shall  first  dwell  on  the  most  Important  reactions  of  petroleum  hydrocarbons  in 
relation  to  the  problems  of  the  enrichment  of  gasolines,  and  the  methods  of  chem¬ 
ical  rearrangement  of  the  hydrocarbon  raw  material.  We  shall  further  consider 
progress  in  the  chemistry  of  synthetic  rubbers,  which  deserve  great  attention 
because  of  the  fact  that  a  synthetic  rubber  industry  has  quickly  sprung  up  in 
the  USSR  on  the  basis  of  theoretical  investigations  in  this  field  by  our  chemists, 
especially  by  S.V. Lebedev.  This  is  a  jghlning  exanple  of  the  fact  that  in  our 
country,  in  the  Stalinist  epoch,  very  favorable  conditions  have  been  created  for 
the  development  of  our  science  and  industry.  The  successes  of  the  petroleum  and 
synthetic  rubber  industries  during  the  period  of  the  Stalin  Five-Year  Plans  have 
been  astonishing.  During  these  years,  the  cor.binecl  forces  of  chemists  and  geologists 
have  explored  and  brought  into  use  many  new  petroleum  deposits. 

1.  Investigation  of  Petroleum  Hydrocarbons 

In  addition  to  the  gi'eat  wealth  of  petroleum  which  our  Fatherland  has 
possessed,  laany  new  petroleum  regions  were  explored  after  the  Great  October  Social¬ 
ist  Revolution.  To  the  Caucasus  and  other  petroleum-rich  regions,  there  were 
added  many  others;  for  example,  operations  were  begun  In  the  Second  Baku,  and 
elsewhere. 

In  the  past  years,  rvuch  work  has  been  carried  out  in  investigating  the 
composition  of  petroleum  in  different  regions,  and  in  carefully  extracting  valuable 
fractions  from  the  petroleum. 

In  the  postvai*  Five-Year  Plan  (19^6)  on  the  reconstruction  and  development 
of  the  people's  economy  the  bro.r.d  task  was  Get:’*rc  develop  the  production  of  high 
octane  aviation  gasolene,  to  improve  the  q\iality  of  automobile  gasolines,  tractor 
kerosene,  diesel  fuel,  and  oils.  To  increase  the  yield  of  products  from  petroleum 
by  means  of  cutting  down  on  waste  and  widening  the  utilization  of  catalysic  pro¬ 
cesses  and  other  now  r..i^t.hcds  of  producing  gasoline  and  technical  oils.” 
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During  the  Stalin  Five-Year  Plans,  a  great  deal  has  been  accomplished  in 
the  chemicaljen format ion  of  petroleum  to  give  different  chemical  products.  Even 
at  the  end  of  the  last  century,  D.I.Mendelyeev  urged  the  Tsar's  ministers  and  in¬ 
dustrialists  that  it  was  "time  to  remember  that  petroleum  is  not  a  fuel,  but  a 
valuable  chemical  raw  material".  In  Soviet  times,  this  thought  of  our  great  chem¬ 
ist  has  been  realized  in  practice.  As  is  known,  petroleum  contains  hydrocarbons 
almost  completely  -  paraffin,  polymethylene  (naphthene)  and  aroiTiatic,  with  either 
paraffins  or  naphthenes  predominating,  and  small  admixtures  of  oxygen  and  sulfur-  ‘ 
containing  substances  (the  hydrocarbons  constitute  99^  of  the  petroleum) . 

Mixed  naphthas  (metl^aplc -naphthenic -benzenic  type)  predominate;  a  small 
number  of  them  are  especially  rich  in  paraffins,  others  in  benzene  hydrocarbons, 
all  of  them  without  fail  contain  naphthenes. 

Natural  gases  (from  gaseous  emd  easily  volatile  paraffins)  are  beginning 
to  have  more  and  more  value  in  our  practice.  The  mineral  resources  of  the  USSR 
are  rich  in  these. 

The  study  of  petroleum  is  closely  related  to  the  development  of  the 
chemistry  of  hydrocarbons. 

Soviet  chemistry  can  be  proud  of  the  fact  that  the  earliest  great  successes 
in  the  investigation  of  petroleum,  related  in  particular  to  the  work  of  D.I.  Men- 
delyeev,  V.V.Markovnikov,  M. I. Konovalov,  N.D.Zel^isky,  and  others,  have  been 
miiltiplied  to  a  tremendous  extent  in  the  Soviet  period  of  our  l^therland. 

Of  no  little  significance  are  the  methods  of  investigation  of  the  chemical 
composition  of  petroleum  and  petroleum  products. 

Much  had  been  done  on  this  problem  by  V.V.Markovnikov  [2]  at  the  end  of 
the  past  century,  who  had  proposed  methods  for  the  investigation  of  petroleum 
products,  and  had  applied  direct  distillation  to  the  petroleums  of  the  Caucasus. 

The  method  of  M. I. Konovalov  [3]  was  of  great  help  in  the  investigation  of  petrol¬ 
eum;  it  involved  the  nitration  of  saturated  and  polymethylene  hydrocarbons  (naphth¬ 
enes)  with  dilute  nitric  acid,  followed  by  separation  of  the  nitro  compounds, 
which  could  be  further  converted  into  amines  by  the  reaction  of  N.N. Zinin.  Of 
the  old*methods  proposed  by  Russian  chemists,  that  of  G.G.Gustavson  deserves  men¬ 
tion;  it  involved  differentiation  of  the  hexamethylenes  by  the  action  of  bromine 
in  the  presence  of  aluminum  bromide.  This  method  was  utilized  by  M. I. Konovalov  (•*] 
to  characterize  crude  oils  (for  example,  by  this  method  methyl  cyclohexane  gives 
crystalline  pentabromotoluene) . 

To  distinguish  the  differences  between  the  hexamethylenes  and  the  penta- 
methylenes,  there  was  a  very  valuable  method  by  N.D. Zelinsky  [s];  this  depended 
on  the  absence  of  dehydrogenation  in  the  pentamethylenes.and  paraffins  and  the 
taking  place  of  dehydrogenation  of  the  hexamethylenes  to  give  aromatic  hydro¬ 
carbons,  which  were  further  characterized  by  nitration,  etc.  (dehydrogenation 
catalysis  of  Zelinsky) .  To  carry  out  the  reaction,  palladium  black,  heated  to 
500®,  was  convenient,  as  well  as  a  nickel  catalyst.  By  this  method  it  was  demon¬ 
strated  that  naphthenic  acids  did  not  usually  contain  the  hexamethylene  ring, 
probably  as  a  result  of  the  contraction  of  the  original  hexamethylene  ring. 

5.5. Nametkin  and  his  coworkers  [e]  developed  methods  for  determining  un¬ 
saturated  and  aromatic  hydrocarbons  in  cracked  gasolines,  the  unsaturated  being 
determined  by  treatment,  in  the  cold  with  sulfur  monochloride,  the  aromatics  in 
the  usual  way. 

5.5. Nametkin's  laboratory  has  developed  group  methods  of  analysis  of 
crude  oils,  in  pEurticular  a  group  analysis  of  the  sulfur  compounds  in  petroleum, 
and  critically  compai'ed  the  different  methods.  Also  very  useful  is  the  much 
earlier  work  of  this  author  on  the  characteristics  of  petroleum  products  (1950). 


9 


As  a  supplement  to  distillation  by  means  of  improved  columns,  and  methods 
of  chemical  analysis,  such  as  nitration  by  Konovalov's  mipthod,  dehydrogenation 
by  Zelinsky's  method,  chlorination,  suifuratlon,  action  cf  sulfur  at  high  tempera¬ 
ture,  etc.,  in  the  past  years  we  have  seen  the  widespread  application  of  physical 
and  physico-chemical  methods  of  investigation,  such  cs:  the  spectra  of  the  com¬ 
bined  scattering  of  light,  a  chromatographic  method,  etc.  Tor  examnle,  la  the 
laboratory  of  the  Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences,  under 
the  direction  of  B. A. Kazansky  and  G.'o.Landsberg,  there  has  been  developed  a  complex 
method  of  detailed  investigation  of  the  individual  constitutents  of  gasolines  [v]. 

Much  work  has  been  done  by  Soviet  chenusts,  as  for  example  by  S.S.Namotkin, 
one  of  the  most  Important  workers  In  the  chemistry  of  terpenes  and  petroleum,  on 
the  investigation  of  different  crude  oils  and  natural  gases. 

The  work  on  the  composition  of  crude  oils,  carried  out  in  the  past  century 
by  such  men  as  V.V.Markovnlkov,  N.D. Zelinsky,  and  others,  is  also  being  conducted 
at  the  present  time,  but  to  a  much  greater  degree,  with  the  synthesis  of  those  com¬ 
ponents  of  the  crude  oil  found  or  supposed  to  he  present. 

B. A. Kazansky  [a]  and  his  coworkers  have  synthesized  the  isomeric  forms  of 
hexane,  pentane,  and  octane,  in  order  that  they  might  be  studied  in  the  ^laboratory 
of  G.S.Landsherg  by  the  spectra  of  combined  scattering,  in  connection  with  the 
analysis  of  gasolines  from  crude  oils  of  different  origin.  A. A. Petrov  [e]  has 
carried  out  a  series  of  syntheses  to  obtain  hydrocarbons  of  the  composition  C12 
to  C24  (about  50  syntheses),  and  has  studied  their  properties,  in  particiilar  the 
relation  between  anti -detonation  properties  and  composition  and  structure. 

Much  more  work  has  been  done  by  our  chemists  on  the  chemical  transformations 
of  the  hydrocarbons  in  petroleum,  primarily  on  isomeric  transformations. 

There -format ion  of  the  carbon  skeleton  of  paraffins  can  be  carried  out  with 
a  variety  of  different  conditions  and  catalysts.  The  transformation  of  a  hydro¬ 
carbon  skeleton  into  a  more  branched  skeleton  is  of  technical  value,  as  this  means 
an  increase  in  the  octane  number  of  fuels.  Our  chemists  have  carried  out  a  series 
of  Investigations  on  the  isomerization  of'  paraffins  [9].  A. D. Petrov,  I. Z. Ivanov, 
A.P.Meshcheryakov,  and  D.N. Andreyev  have  isomerlzed  heptane  and  octane  of  normal 
structure  in  the  presence  of  aluminum  chloride,  zinc  chloride,  and  molybdenum 
sulfide.  .B.I.MoldaYski  and  his  coworkers  have  described  the  change  of  the  hexane 
and  octane  skeletons  in  the  presence  of  aJ.uminum  chloride,  have  studied  the  iso¬ 
merization  of  butanes  and  pentanes  in  the  liquid  phase  upon  heating  in  the  presence 
of  aluminum  chloride,  and  have  examined  the  equilibrium  relations  of  iso-hy^o- 
corbons  and  the  original  butane  and  pentane.  R.D.Obolentsev  has  studied  the  iso¬ 
merization  of  liquid  aliphal Ic  hydrocarbons  above  fused  aluminum  chloride,  and 
has  carried  out  the  transformation  of  hexane,  heptane,  and  octane  of  normal  struc¬ 
ture  into  disubstituted  hydrocarbons  (dine thy Ibutane  from  hexane).  According  to 
the  experiments  of  A.P.Sivertsev,  the  presence  of  aluminum  chloride  is  favorable 
to  the  isomerization  of  n-heptane  and  n-octane. 

These  transfoniiations  of  the  carbon  skeleton  in  n-octane  are  produced  under 
conditions  of  dehydrogenation  catalysis  (platin^im  on  activated  carbon  and  nickel  on 
aluminum  oxide)  in  the  experiments  of  Yu.  K.  Yuryev  and  P.Ya. Pavlov  [iq].  The  thermo- 
djuaaics  of  such  transfoiriiations  have  been  explained  by  A. V. Frost  [n],  in  whose 
lahepatory  n-hexane  has  been  isomer ized  ever  molybdenum  disulfide  into  2-methyl - 
pentane  and  2, 2-dlnre  thy  Ibutane. 

In  the  group  of  oxidized  r.rc^mic  compounds  containing  an  open  chain,  the 
transformation  into  cyclic  cczipounds  of  polymethylene,  ai’omatlc ,  iuni  ^heterocyclic 
series  has  Icng  been  knowii.  The  formation  of  rings  from  acetylene  and  ethylfene 
has  also  been  knovm.  But  it  has  been  discovered  comparatively  recently  in  the  USSR 
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that  saturated  hydrocarbons  are  converted  into  aromatic  hydrocarbons.  This  is  of 
interest  in  relation  to  the  problem  of  Increasing  the  aromatic  content  of  petroleum. 

The  reaction  of  dehydrogenating  Isomerisation  was  discovered  in  1930  simul¬ 
taneously  in  several  of  cur  laboratories  and  can  be  of  use  in  Increasing  the  aroma¬ 
tic  content  of  paraffin  gasolines  by  catalytic  methods. 

B.L.Moldavsky,  G.D.I^amusher,  M.V.Kobilskaya,  and  F.Besprozv^tfnneya  produced 
ring  formation  from  aliphatic  hydrocarbons  over  amorphous  chromium  oxide  at  460- 
470**  [12). 

B. A. Kazansky  and  A. F. Plate  (laj  have  discovered  that  platinized  carbon  pro¬ 
duces  ring  hydrocarbons  from  paraffins  at  3O5  to  310* . 

In  the  experiments  of  V.I.Karzheva,  M.G.Severyanova,  and  A.N.  Siova,  paraf¬ 
fins  were  changed  to  aromatic  hydrocarbons  over  a  chrome-copper  catalyst  at  5OO  to 
350°  with  some  decomposition  to  lower  products  (14]. 

Earlier,  in  1931,  A. D. Petrov  [is]  obtained  aromatic  hydrocarbons  in  the  form 
of  mixtures  by  heating  oleic  acid  at  38O  to  400*  under  high  pressure  over  aluminum 
oxide.  A  similar  reaction  for  the  formation  of  aromatic  compounds  from  paraffins 
was  investigated  by  B. A. Kazansky  and  A.F.  Plate  in  a  series  of  works  [la]. 

The  hydrocarbons  of  the  ethylene  series  are  easily  isomerized,  the  double 
bond  being  shifted  and  the  carbon  skeleton  altered.  The  double  bond  is  displaced 
by  the  action  of  acid  and  alkaline  agents,  as  was  found  long  ago  (A.P.Eltekov, 
F.M.Flavitsky,  and  A.  E.  Favor  sky),  and  edso  under  the  conditions  of  heterogeneous 
catalysis,  according  to  the  experiments  of  our  chemists  in  later  years  (N.D* 
Zelinsky,  R.Ya.  Levina,  A. D. Petrov). 

A. D. Petrov  and  V. I. Shchukin  have  found  [10]  that  heptene-1  ^d  octene-1  at 
high  temperature  and  high  pressure  are  converted  into  hydrocarbons  with  branched 
skeletons;  the  first  into  methyl  diethyl  ethylene,  the  second  into  dimethyl  butyl 
ethylene.  The  Isomerization  [17]  of  butylene  and  isobutylene  in  the  presence  of 
clay  and  floridln  has  been  described  (A. V. Frost),  as  well  as  over  aluminosilicate 
catalysts  (G.I.Maslyansky,  M.V.Veltistova) .  These  reactions  are  of  interest  with 
regard  to  products  of  the  cracking  of  petroleum. 

It  is  well  known  that  the  saturated  hydrocarbons  can  be  dehydrogenated  to 
give  ethylene  hydrocarbons,  and  the  latter  to  give  divlnyls  (according  to  the 
experiments  of  A.I.Yakubchlk  in  the  laboratory  of  S.V. Lebedev  and  in  other  labora¬ 
tories)  . 

The  transformation  of  polymethylenes  is  of  great  interest  for  the  chemistry 
of  petroleum.  They  can  be  isomerized  so  as  to  narrow  or  widen  the  ring,  changed 
to  aromatic  compounds,  or  split  to  give  open  chains. 

The  Isomerization  of  polymethylene  compounds  with  broadening  or  neirrowing 
of  the  ring  was  first  observed  by  Russian  chemists  (N.Ya.  Demyanov,  V.V.Markovnlkov, 
N.M.Mizhner,  and  N.D.Zielinsky) ,  who  Included  in  their  observations  the  polymethylene 
hydrocarbons  themselves. 

Not  long  ago,  2*1. D. Turova -Polyak  [is]  Isomerized  cycloheptane  into  methyl 
cyclohexane,  and  l-methyl-2-ethyl  pentane  into  1,4-  and  1,3-dimethyl  cyclohexane 
over  aluminiim  chloride. 

Just  as  the  action  of  hydrogen  iodide  on  aromatic  and  polymethylene  rings 
is  accompanied  by  a  change  in  the  dimensions  of  the  ring,  aluminimi  chloride  tends 
to  transform  polymethylene  iiydrocarbons  by  narrowing  or  broadening  the  rings,  as 
has  been  found  by  nuiuerous  experiments  of  the  school  of  N.D. Zelinsky.  This  is 
of  interest  in  relation  to  the  Investlgatlcn  of  the  transformation  of  ring  grotps. 


Here,  in  passing,  ve  must  note  that  aluminum  chloride,  like  sulfuric  acid 
in  the  famous  experiments  of  A. M. Butlerov  on  the  polymerization  of  isobutylene, 
can  be  utilized  to  obtain  synthetic  gasolines,  a^'d  synthetic  lubricating  oils 
or  substances  to  be  added  to  petroleiim  oils.  S.S.Nametkin  and  his  students ‘have 
studied  the  chemical  transformations  produced  by  the  action  of  these  agents  upon 
olefin  hydrocarbons;  polymerization  was  accorpanied  by  hyvlrogenation-pol>Tnerlza- 
tion  and  dehydrogenation-polymerization.  The  polymerization  of  isobutylenes 
has  been  investigated  simiiai’ly  (G.S.Nametkin  aiid  M.G. Rudenko)  (i©). 

A.D.Fetrov  and  A.I.Antsus  and  others  have  also  studied  the  polymerization 
of  ethylene,  pseudobutylene,  fmd  the  butylene  fraction  of  pyrolysis  gases  under 
the  action  of  aluminum  chloride.  From  methane  they  were  able  to  obtain  acetylene, 
which,  upon  mixture  with  hydrogen,  could  be  subjected  to  catalytic  hydrogenation- 
polymerization  to  isob\»tylene  in  a  kind  of  cross -polj'merizat ion,  or  to  other 
ethylene  hydrocarbon  mixtures  as  a  result  of  linear  polymerization  (Petrov, 

Antsus)[20] . 

It  has  long  been  observed  that  polymejbhyleno  hydrocarbons  containing  three- 
membered  and  four-membered  rings  undergo .  transformation  into  -compounds  mf  the 
ethylene  series.  The  six-mecibered  and  Jire--jBCiiibered  rings  aib  much  more  st&blb.^ 
Rowever,'  it: h^. been  shown  that'  the  five-Kemberpd  rings  viLL-.undergo  splitting. under 
the-ccndltionfe’df  Catalytic  hydrogenation,  with  formation  of  paraffin  hydrocarbons 
(N.D. Zelinsky.,  B.A.KaZvinsky,  A-F.Pla.te,  S.  Serglenko,  Turova-Polyak,  Denisenko,  others. 

Recently,  the  splitting  reaction  of  cyclopentane  hydrocarbons  has  been 
similarly  studied  by  B. A. Kazansky  and  his  coworkers  [21]. 

The  splitting  of  hydrocarbon  bonds  by  mesuis  of  hydrogen  (hydrogenolysis) 

In  the  presence  of  liydrogenating  catalysts  depends  upon  temperature . and  the 
structure  of  the  hydrocarbon. 

The  breaking  of  rings  and  paraffin  chains  was  observed  long  ago  in  the 
presence  of  catalysts  at  high  temperatures.  For  example,  the  destructive  hydro¬ 
genation  of  petroleum  is  known  from  the  work  of  various  chemists  (M.D.Tlllcheyev, 
S.S.Nametkin,  and  others).  Platinum  catalyst  does  not  usually  split  cai’bon  bonds, 
especially  paraffin  bonds,  even  at  300®,  Five-membered  rings  undergo  hydrogenol¬ 
ysis  in  the  presence  of  platinized  carbon  at  3OO  to  310* >  with  the  formation  of 
pentane  of  normal  structure. 

In  the  works  of  B. A. Kazansky  on  the  cleavage  of  five-membered  rings,  a 
quantitative  study  has  teen  made  of  all  the  products  of  reaction.  In  addition, 
the  velocity  of  hydrogenation  has  been  determined  in  the  chief  directions  of  re¬ 
action,  and  the  role  of  the  composition  of  substitu^ts;,  of  temperature,  pressui'e, 
catalyst,  etc.  has  been  studied.  Platinized  carbon  produces  selective  hydi’ogen- 
ation  of  the  cyclopentane  ring.  A  study  has  been  made  of  the  cleavage  of  ethyl 
cyclopentane,  n-propyl  cyclopentane,  methyl  cyclopentane,  dimethyl  cyclopentanes, 
and  1,2, 3 -trimethyl  cyclcpentane  (the  latter  seemed  more  stable  than  the  others). 

The  easiest  bond  to  break  was  the  one  situated  across  the  carbon  atom  from  those 
carbon  atoms  bound  to  substituents.  Cyclopentane  itself  was  the  easiest  of 
a].l  to  hydrogenate. 

The  catalytic  dehydrogenation  process  of  N.D. Zelinsky  for  transforming 
petroleum  is  of  great  interest.  Althougii  the  reaction  in  which  hydrogen  is  split 
off  from  cyclohexane  and  benzene  is  fonaed  h-ad  been  known  at  the  beginning  of  this 
century,  only  in  N,D.Zoljnsk.y's  investigatlciis  was  it  found  to  be  of  great  value, 
both  for  organic  synthesis,  for  distinguishing  the  size  of  r.lngn  in  naphthenes 
and  naphthenic  acids,  in  rai*ticul.fa' ,  and  also  for  the  formation  of  aromatic  hydro¬ 
carbons  in  petroleum.  li.D. Zelinsky,  lu.K.Yui’iev,  and  N.I.Shuykin  showed  (195^  and 
1935)  that  by  using  cataiitic  dehyca’ogenatlon  according  to  Zelinsky's  method,  it 
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was  possible  to  increase  the  content  of  aromatic  hydrocarbons  in  petroleum  fractions, 
[13].  According  to  the  data  of  N.D. Zelinsky  and  N.I.Shuykin,  the  methyl  cyclohexane 
fraction  is  enriched  with  toluene  above  Zelinsky's  catalysts  (2a] . 

The  formation  of  aromatic  hydrocarbons  in  petroleum  is  of  technological  in¬ 
terest  both  with  regard  to  the  anti-knock  properties  of  gasolines  and  the  production 
of  toluol. 

The  reaction  for  forming  aromatic  hydrocarbons  in  petroleum  was  discovered 
in  1878  by  A.A.Leton  (Leningrad  Technological  Institute). 

Subsequently  different  methods  of  forming  aromatic  compounds  were  developed 
both  here  and  abroad;  for  example,  the  thermal  re-frrmatlon  of  crude  petroleum. 

The  catalytic  dehydrogenation  of  Zelinsky  end  the  formation  of  aromatic,  hydrocarbons 
from  paraffins  by  other  Soviet  chemists  is  of  interest  with  regard’  to  the  formation 
of  aromatics  in  petroleum. 

In  this  article,  we  have  been  able  to  touch  in  only  the  briefest  manner  upon 
the  chemistry  of  hydrocarbons  euid  petroleum.  However,  what  we  have  already  said 
Indicates  that  a  great  deal  of  work  has  been  done  in  the  Soviet  Union  in  this 
field  where  questions  of  theory  and  practice  are  so  closely  interwoven. 


2.  Uiethylene,  Vinylacetylene »  and  Ethylene  Hydrocarbons, 
and  Synthetic  Rubbers 

At  the  end  of  the  past  century,  I. L. Kondakov,  and  in  particular  A. E.Favorsky 
and  the  latter's  students  —  ’V.A.Mokievsky,  N.M.Vittorf,  and  others  —  accurately 
determined  [23]  the  structure  of  isoprene  CH2==  C(CHa)-€H=CH2,  of  links  of  •»diich 
the  molecules  of  natural  rubber  were  constructed.  Russian  chemists  discovered 
many  facts  about  the  polymerization  of  dlvinyl  hydrocarbons  to  give  polymers  sim¬ 
ilar  to  rubber;  this  greatly  added  to  the  Information  noted  by  earlier  investi¬ 
gators,  among  them  different  Russians  (24]  (V.A.MoH'levsky  in  I898)  with  regard 
to  isoprene,  which  could  be  polymerized  by  the  action  of  different  Eigents  (temper¬ 
ature,  light) . 

N.N.Mariutsa  (25],  a  student  of  M.D.Lvov,  synthesized  diisopropenyl  — 
CH2=C(CH3)-C(CH3)=CH2  *“  and  observed  its  tendency  to  polymerize  to  a  viscous 
product  upon  heating. 

Later  (I9OO)  I. L. Kondakov  [25],  by  heating  diisopropenyl  with  alkali' to  I50®, 
converted  it  into  a  leathery  polymer,  and  then  (1902)  described  its  spontaneous 
conversion  into  a  rubber-like  polymer.  Earlier  (1895)  A.M.Berkenheim  had  polymer¬ 
ized  [26]  piperylene,  CH3*-CH=CH — CH=  CH — CH3,  by  heating  it  to  25O®. 

Using  these  facts,  German  chemists  organized  a  small-scale  production  of 
the  synthetic  methyl -Isoprene  rubber  of  Mariutsa  and  Kondakov  in  the  Irperalist 
war  of.:.  191^  to  I918.  Subsequently,  S.'V. Lebedev  greatly  increased  ohe  number  of 
divlnyl  hydrocarbons  known  to  be  capable  of  polj’merizatlon  (l909-19'’-2) . 

A  very  important  fact,  which  is  fundaraental  in  the  modern  chemistry  of  syn¬ 
thetic  rubbers  and  has  to  do  with  the  thermal  polymerization  of  divinyl,  was  first 
noted  by  S. V. Lebedev  ardipublished  by  him  in  December,  19^9  Tlie  scientific 

basis  for  the  polymerization  of  diethylene  and  other  hydrocarbons  was  •  contained 
in  a  remarkable  dissertation  for  ’a -master's  degree  by  S.'V. Lebedev  (3.913)»  ’ 

The  processes  of  polymerization  of  saturated  hydrocarbons  have  been  success¬ 
fully  studied  in  the  Soviet  period  by  S.V. Lebedev  and  our  other  chemists  (in  lat¬ 
ter  years,  by  S.S. Medvedev,  B.A.Dogadkin,  A.N. Yurzhenko,  B.A.Dolgoplosko,  and  others). 

The  great  requirements  of  the  Soviet  State  for  rubber  impelled  the  supreme 
Soviet  of  the  People's  Economy  in  January,  I926  to  announce  a  world  competition 
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for  the  production  of  synthetic  rubber,  the  materials  to  be  submitted  within  a 
period  up  to  January  1,  1928. 

S.V. Lebedev,  then  Professor  of  the  K^cov  Milit<iry-Mec3ical  Academy  and  of 
the  Chemical  Faculty  of  Leningrad  State  University,  together  with  his  coworkers 
and  teachers  of  the  Kirov  Mil. -Med.  Academy  and  his  cowcrkevs  and  students  -of 
♦he  University,  energetically  and  diligently  devoted  himr.eZf  to  sol’-'lng  the  problem 
of  producing  synthetic  rubber. 

To  obtain  divinyl,  Lebedev  set  out  at  first  in  two  vays:  l)  the  pyrolysis 
of  petroleum,  and  2)  the  contact  decomposition  of  alcohol  to  give  divinyl.  Having 
become  convinced  of  the  complice ted  nat;ire  of  the  method  from  petroleum,  Lebedev's 
group  began  to  develop  a  synthesis  from  alcohol,  which  was  a  practicable  raw 
material,  and  brilliantly  solved  the  problem. 

One  of  our  most  noted  specialists  in  the  field  of  rubber  (vulcanization) 
is  B.V.Eizov,  also  a  student  of  A.E.Favorsky.  Both  in  those  years  and  earlier, 
he  carried  out  experiments  on  the  synthesis  of  divinyl  from  petroleum,  but  because 
of  the  complicated  nature  of  the  reaction  could  not  obtain  favorable  results L  B.V. 
Blzov  and  S.V. Lebedev  introduced  many  new  facts  into  the  problem  of  obtaining 
divinyl  from  petroleum. 

On  December  30,  1927,  S.V. Lebedev  presented  for  the  competition  2  kilos  of 
sodium-dlvinyl  rubber  and  a  description  of  his  method.  Lebedev’s  method  was  ac¬ 
cepted  as  extremely  valuable,  and  S.V. Lebedev  was-awarded  the  prize.  The  work  of 
I^bedev  and  his  students  was  actively  continued. 

In  1929 >  the  Central  Committee  of  the  CPSU  (Bolsheviks)  had  already  made  a 
decision  to  expedite  the  putting  into  practice  of  Lebedev's  method.  To  this  end, 

S.M. Kirov  lent  every  possible  assistance.  In  1950^  a  large  laboratory  was  organ¬ 
ized  and  construction  of  a  Type  B  pilot  plant  was  begun.  Toward  the  end  of  the 
year  the  pilot  set-up  had  already  been  completed  and  an  experimental  sheet  of 
Lebedev’s  divinyl  rubber  weiglilng  25O  kilos  was  quickly  obtained, 

S.M. Kirov  gave  many  concrete  Indications  of  how  necessary  it  was  to  carry 
the  work  further  in  order  to  increase  the  production  indexes  attained.  In  1951 > 
the  Government  commission  of  experts  approved  Lebedev’s  method,  and  confirmed  its 
high  industrial  value.  After  many  efforts,  the  new  rubber  was  successfully  trans¬ 
formed  into  a  high  quality  finished  rubber.  A  large  factory  was  swiftly  con¬ 
structed  and  Lebedev’s  synthetic  rubber  guaranteed  the  meeting  of  the  rubber  re¬ 
quirements  of  the  Soviet  Union. 

By  a  decree  of  the  goverrmient  on  August  7,  1951  ^  S.V. Lebedev  was  awarded 
the  order  of  Lenin  *fcr  his  special  service  in  solving  the  problem  of  obtaining 
synthetic  rubber”  .  Upon  receiving  this  high  award,  S.V. Lebedev  pronounced  these 
significant  words,  which  are  an  expression  of  the  thinking  and  feeling  of  Soviet 
scientists:  ’’The  government  has  decided  to  convert  the  success  attained  by  me  and 
my  coworkers  into  the  basis  for  constructing  a  new  branch  of  industry. . .There  can 
be  not  the  slightest  doubt  that  only  with  us,  in  the  country  of  the  building  of 
socialism,  is  such  a  great  creative  range  possible.  The  greatest  happiness  is  to 
see  one's  thouglit  converted  into  a  deed  of  such  grandeur.” 

The  great  creative  work  of  S.V. Lebedev  and  his  coworkers,  and  their  broad 
scientific  investigations,  were  introduced  into  the  development  of  the  technolog¬ 
ical  process  of  production  of  synthetic  divinyl  rubber  according  to  Lebedev’s 
method.  Production  in  its  turn  set  a  great  number  of  problems  before  theoretical 
science,  upon  whose  solution  Lebedev's  scientific  school  is  now  working  with  success. 

Tlie  Soviet  .synthetic  divinyl  Lebedev  rubber  industry  became  the  model  for 
other  countries.  It  is  l.nown  that  abroad  (USA)  the  synthetic  rubber  industry  was 


developed  in  the  years  of  the  second  imperalist  war. 

The  theoretical  foundations  for  obtaining  dlvinyl  from  eJ-cohol  were  considered 
by  S.V. Lebedev  in  his  further  work  in  1953  [23]. 

It  was  noted  that  the  reactions  for  the  formation  of  divinyl,  ethylene,  and 
aldehyde  from  alcohol  over  a  Lebedev  catalyst  which  had  dehydrogenating  and  dehyd¬ 
rating  components  in  its  composition  were  mutueilly  interdependent.  S.V. Lebedev 
found  that  divinyl  was  fonned  not  frojn  already  prepared  molecules  of  aldehyde  and 
ethylene,  but  at  some  phase  of  the  process  preceding  the  final  formation  of  these 
molecules.  The  molecules  of  aldehyde  and  ethylene  are  already  waste-products  of 
the  reaction.  According  to  Lebedev,  the  entire  process  can  be  represented  by  the 
formation  at  first  from  ethyl  alcohol  of  fragments  of  two  types,  as  a  result  of 
splitting  off  of  water  or  of  a  molecule  of  hydrogen: 

CH3-CH2OH  — ^  H20‘*'  -  CH2-CH2- 

CHa-CHaOH  — -r  H2'^  —  CH2-CH(0H)- 

These  fragments  can  be  partially  rearranged  to  give  ethylene  €md  acetaldehyde, 
in  a  side  reaction,  or  they  can  lead  to  more  coi^plicated  molecules,  to  form  at  some 
further  stage  divinyl  and  a  series  of  other  products.  We  must  note  that  at  present 
as  distingusihed  from  the  situation  that  /existed  in  the  first  years  of  production 
of  synthetic  rubber,  few  byproducts  are  o^)tained.  In  an  article  of  ours  there  is 
given  a  detailed  scheme  showing  the  formation  of  the  different  byproducts. 

Lebedev* s  students  made  a  detailed  study  of  the  Lebedev  synthesis  of  divinyl. 
Many  Investigations  were  devoted  by  Yu.A.Forin  [29]  to  clearing  up  the  manner  of 
formation  of  divinyl  hydrocarbons  from  alcohol  and  from  its  mixtures  with  aldehydes 
and  ketones. 

Great  significance  was  attached  in  these  Investigations  to  the  aldol  con¬ 
densation  of  the  aldehyde  corresponding  to  the  alcohol,  to  unsaturated  aldehydes, 
(crotonic),  and  to  unsaturated  alcohols.  Crotyllc  adcohols,  by  splitting  off  water, 
form  dlvinyl  hydrocarbons. 

Lebedev’s  reaction  for  obtaining  divinyl  hydrocarbons  can  be  extended  to 
higher  primary  and  secondary  alcohols.  Isobutyric  alcohol  does  not  form  the 
divinyl  hydrocarbon,  giving  instead  isobutylene  and  isobutyrlc  aldehyde.  Diethylene 
hydrocarbons  are  not  formed  from  tertiary  alcohols.  The  formation  of  divinyl  from 
alcohols,  according  to  Lebedev's  method,  and  from  mixtures  of  ethyl  adcohol  and 
acetaldehyde  (according  to  the  method  of  Ostromislensky)  [so]  over  aluminum  oxide, 
may  possibly  take  place  in  analogous  ways.  The  secondary  alcohols,- either  alone  or 
in  mixtures  with  ketones,  are  converted  into  divinyl  hydrocarbons  through  products 
of  the  phorone  condensation  of  ketones. 

M.Ya.  Kagan  also  considers  crotonic  aldehyde  as  an  intermediate  product  in 
the  formation  of  divinyl  from  alcohol  by  Lebedev's  method  [sij.  Of  course,  in 
considering  such  schemes  we  must  never  lose  sl^t  of  the  extreme  complexity  of 
the  reaction  and  the  possibility  of  different  methods  of  formation  .of "the  divinyl 
hydrocarbons. 

In  the  past  years  there  have  been  many  other  investigations  of  all  aspects 
of  the  study  of  divinyl  compoundsj these  have  significantly  increased  the  wealth 
of  data  about  unsaturated  hydrocarbons  gathered  by  the  schools  of  Butlerov  and 
Favor sky, 

A.E.Favorsky  and  his  coworkers  have  developed  an  interesting  method  of  synthe¬ 
sis  of  isoprene  on  the  basis  of  the  old  Favorsky  reaction  for  synthesizing  acety¬ 
lene  alcohols  by  the  reaction  of  acetylene  hyd;rocarbons  with  ketones  in  the  presence 
of  dry  powdered  potassium  hydroxide.  Acetone  and  acetylene  give  a  tertiary  acetyl¬ 
enic  alcohol,  which  is  then  hydrated  to  a  tertiary  ethylene  alcohol,  and  the  latter. 


by  spllttlns  off  water,  gives  Isoprene: 

CH3COCH3  +  KOA  +  CH  *  Cfl  — >  (CH3)2C0HC  *  CH  — ^ 

^  ( CH3 )  2C0H-CH=  CEz  CH2=  C  (CH3 ) -CH=  CHa 

'^CH2=C(cn3)-0  *!  CH. 

-I 

Favorsky's  me^thod  for  obtaining  Isoprene  requires  as  raw  Materials  acetone, 
acetylene,  alkali,  and  hydrogen  [32]. 

Synthetic  Isoprene  rubber,  similar  to  the  natural  In  containing  isoprene 
residues  in  the  molecule,  is  of  Very  great  interest  both  for  the  study  of  the 
various  properties  of  the  rubbers  and  for  comparison  with  the  properties  of  natural 
rubbers.  ''  ^ 

Ethylene-acetylene  hydrocarbons,  whose  first  general  mode  of  synthesis  was 
the  splitting  off  of  water  from  acetylene  alcohols  according  to  Favorsky*s  method, 
can  be  utilized  to  give  haloprenes  by  the  addition  of  hydrogen  chloride  to  the 
hydrocarbon.  Polymerization  of  the  chloroprenes,  as  in  the  case  of  the  simplest 
homolog  of  vinyl  acetylene,  gives  a  chloroprene  rubber,  which  possesses  many 
interesting  properties* 

CH2=-C(CH3)-h:  =  CH  — > 

— >  CH2=C(CE3)“<JC1=CH2  — ^  methyl  chloroprene  rubber. 

Interesting  acetylene -allene-Hlene  rearrangements  of  similar  chlor  deriva¬ 
tives  were  studied  in  Favorsky's  laboratory  by  his  students,  in  particular  by 

T.A.Favorskaya,  A. ^.Zakharova,  and  I.A.Favorskaya  [33]. 

> 

From  vlnylacetylene  and  butadiene  there  are  obtained  halogen  and  other  deriv¬ 
atives  of  butadiene,  and  their  properties  have  been  studied,  in  particular  in  rela¬ 
tion  to  polymerization  [34]  (A.L.Klebansky,  A. A. Petrov,  and  others). 

} 

Meoiy  very  valuable  results  have  been  obtained  in  the  Soviet  Union  in  the 
development  of  the  chemistry  of  synthetic  rubber,  and  many  copolymers  have  been 
prepared.  The  work  of  A. M. Butlerov,  S.V. Lebedev  and  others  formed  the  basis  for 
for  the  copolymerization  reactions  of  isobutylene  with  divinyl,  giving  the  so- 
called  butyl  rubber. 

S.V. Lebedev  foresaw  a  great  variety  of  possible  synthetic  rubbers  and  con¬ 
sidered  of  great  value  the  new  properties  by  which  the  different  representatives 
of  the  synthetic  rubbers  were  characterized:  "Plant  rubbers  do  not  depend  on  the 
kind  of  rubber  tree  they_  came  from,  they  are  essentieilly  one  and  the  same  iso¬ 
prene  rubber...  The  synthesis  of  rubbers  is  a  source  of  infinite  variety.  Theory 
sets  no  limits  to  their  multiplicity."  (sb]. 

II.  Natural  Substances  of  High  Molecular  Weight  ~  Pre^teins  and  Cellulose 

During  the  past  quarter  of  a  century  very  great  Interest  has  arisen  in  sub¬ 
stances  of  hi^  molecular  weight,  as  a  result  of  their  great  role  in  the  solutions 
to  many  theoretical,  problems  of  modern  chemistry  and  physics,  and  in  view  of  the 
ever  growing  extent  and  variety  of  their  practical  significance.  Treating  of  a 
branch  of  organic  chemistry,  the  chemistry  of  substances  of  high  molecular  weight 
has  gone  far  beyond  its  limits,  ^just  as  the  understanding  of  the  properties  of 
high-molecular  weight  substances  has,  and  in  particular,  the  dependence  upon  the 
very  valuable  mechanical  indexes  of  coniposition,  structure  and  size  of  molecule 
has  been  determined  only  by  the  fullest  possible  application  of  methods  using 
radiant  energy  and  other  methods  of  raodern  physics  and  physical  chemistry.  Ch^nr- 
acterized  by  very  lca*ge  riO^uecules,  hlgh-.-nolecular  weiglit  substances  are  colloids 
in  themselves  (eucclioids'  and  s.re  capable  of  forming  colloidal  solutions  under 


other  than  customary  conditions.  It  is  therefore  not  surprising  that  in  colloid 
chemistry  a  great  deal  of  attention  is  given  to  high-molecular  weight  substances 
and  that  the  study  of  their  properties  is  impossible  without  a  broad  application 
of  colloid  chemistry. 

The  great  practical  problems  which  must  be  solved  in  the  utilization  of  high 
molecular  weight  substances,  and  the  correspondingly  high  level  of  the  general 
modern  development  of  chemistry  and  physics  have  resulted  in  a  profound  investiga¬ 
tion  of  large  molecules;  this  has  been  the  reason,  for  the  great  progress  in  the 
chemistry  of  high-molecular  compounds  in  the  Soviet  Union  and  abroad. 

An  especially  broad  variety  of  properties,  and  a  high  degree  of  development 
of  one  or  another  characteristic  of  materials  can  be  secured  with  synthetic  high- 
molecular  weight  compounds.  However,  the  value  of  such  natural  materials  as  pro¬ 
tein  and  starch  in  particular  has  also  increased  tremendously  in  the  past  decade, 
as  a  result  of  very  great  new  progress  in  their  practical  application  and  of  their 
importance  for  an  understanding  of  the  nature  of  high-molecular  weight  substances.. 
If  at  the  end  of  the  XIXth  century  it  was  possible  to  note  only  the  most  general 
scheme  of  the  structure  of  polysaccharide  and  protein  molecules,  many  details  of 
their  structure  have  now  become  known.  Cellulose  was  and  remains  the  clearest  ex¬ 
ample  and  the  most  typical  model  of  a  high-molecular  weight  substance. 

However,  the  success  of  the  synthetic  chemistry  of  high-molecular  weight 
substances,  particuleirly  the  stonny  development  of  the  chemistry  of  synthetic 
rubbers,  has  tremendously  extended  the  range  of  ideas  that  have  resulted  from 
research  on  natural  high-molecular  weight  substances. 

Synthetic  rubbers,  from  one  side,  are  on  the  boundary  line  of  synthetic 
high-molecular  welglit  substances,  and  on  the  other,  adjoin  the  natural  high- 
molecular  weight  substances. 

It  has  been  said  above  in  relation  to  research  on  the  nature  of  Isoprene 
and  other  rubber -former?,  that  in  building  up  the  chemistry  of  synthetic  rubbers 
in  Russia,  much  had  been  done  in  the  XIXth  and  early  XXth  century,  but  that  only 
in  the  years  of  the  Stalin  Five-Year  Plans  did  there  take  place  a  tremendous  leap 
in  the  development  of  the  foundation  of  this  branch  of  the  chemistry  of  high- 
molecular  weight  compounds;  only  then  did  the  synthetic  rubber  industry  attain  its 
wide  range,  the  first  in  the  world  to  do  so. 

In  the  other  branches  of  the  chemistry  of  higli-molecular  weight  compounds 
as  well.  Just  as  in  the  general  theory  of  the  processes  of  polymerization,  much 
was  accomplished  by  our  chemists  even  in  pre -Revolutionary  days;  all  the  same, 
the  chemistry  and  chemical  treatment  of  cellulose  and  protein  were  developed  in 
this  country  in  the  pre -Soviet  period  at-  a  very  slow  tempo. 

The  first  .important  example  of  a  polymerized  oxygen-containing  substance  was 
discovered  by  A. M. Butlerov  in  the  polymers  of  formaldehyde  (1858-I860).  In  our 
own  day,  the  polya^rs  of  formaldehyde  have  been  called  model  molecules  of  cell¬ 
ulose”. 

A ^M. Butlerov  carried  out  the  condensation  of  formaldehyde  under  the  Influence 
of  lime  to  give  a  sugar -like  substance;  this  helped  determine  the  formula  of  the 
monoses  and  laid  the  basis  for  the  theory*  of  the  photosynthesis  of  starch  in  the 
green  parts  of  plants  (in  the  chloroplasts)  by  means  of  carbon  dioxide  and  water 
under  the  influence  of  sunlight  (at  the  beginning  of  the  career  of  the  great 
German  chemist  Adolf  Baeyer  in  the  seventies  of  the  past  century) . 

The  most  Important  facts  in  the  chemistry  of  starch  and  the  polysaccharides 
-  the  hydrolysis  of  starch  to  give  glucose  In  the  presence  of  sul.furlc  acid,  and 
to  give  maltose  under  the  influence  of  diastase  —  were  discovered  by  the  Petersburg 
Academician  Kirchoff,  from  I8O6  to  l8l4. 
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There  is  no  doubt  that  in  the  development  of  the  chemistry  of  synthetic 
high-polymer  substances  the  work  of  A. M. Butlerov  on  the  polymrrization  of  ethylene 
hydrocarbons  was  of  importance,  in  pai’ticuiar  his  work  on  isobutylene  (in  sulfuric 
acid  and  boron  fluoride  media).  In  our  time,  poly isobutylene,  polythene,  and 
butyl  rubber  are  valuable  high-polymers.  From  this  work  there  arose  the  very 
definite  problem  of  how  polyiaerization  took  place.  We  now  know  that  only  low- 
molecular  polymers  are  formed  by  a  stepwise  mechanism,  whereas  high-polymers  are 
formed  from  monomers  by  chain  reactions. 

S.V. Lebedev  (1915)  arrived  at  the  firm  conviction  that  there  was  a  sharp 
distinction  in  the  properties  sind  manner  of  formation  of  the  'low  (dimers  and 
others)  and  high  polymers.  He  correctly  considered  the  molecules  of  rubber  as 
a  variety  of  Isirge  chain  molecules,  while  the  well-known  German  chemist  Harries 
and  others  maintained  the  opinion  (until  the  end  of  the  twenties)  that  rubber 
emd  other  high-molecular  weight  substances  containing  molecules  of  high  polymers, 
were  small  ring-shaped  structures,  with  a  tendency  to  associate  to  give  large 
aggregates  because  of  supplementary  valences  or  van  der  Waals  forces. 

During  the  past  20  years,  investigators  have  solved  many  questions  of 
principle  in  the  chemistry  of  high-molecular  compounds.  We  have  already  men¬ 
tioned  above  the  explanation  of  the  mechanism  of  polymerization  processes  (S.S. 
Medvedev  and  others)  and  of  polycondensation  (A.A.Vansheldt,  V.V.Korshak,  S.R. 
Rafikov,  Z.A.Rogovin  and  others). 

High-molecular  substances  ai’e  being  investigated  with  roentgen  rays, 

cathode  rays,  and  the  polarization  microscope.  Great  successes  have  been  achie¬ 
ved  in  the  study  of  the  mechanical  properties  of  high  polymers  possessing  great 
stability  and  a  high  degree  of  elasticity  ( A. P. Alexandrov,  P.P.Kobeko,  V.A. 

Kargin,  P.V. Kozlov,  and  others). 

The  work  of  Soviet  scientists  has  shown  that  the  mechanical  properties 
of  high  polymers  may  be  regarded  from  a  single  point  of  view  [37],  High  polymers 
show  a  very  sharply  esj^soed  relaSlxtion  phfenomenon^returoj  to  equilibrium  after- de¬ 
formation)  ;  the  different  kinds  of  behavior  upon  deformation  of  the  different 
groups  of  high  polymers  are  explained  by  the  difference  in  the  velocity  of  their 
relaxation. 

Many  complicated  questions  concerning  the  properties  of  solutions  of  high- 
polymeric  substances,  and  the  relationships  of  the* latter  to  solvents,  their 
viscosity,  etc.,  have  been  elucidated  in  the  work  of  our  chemists  (l. I. Zhukov, 
A.V.Dujnansky,  S.M. Lipatov,  V.A. Kargin,  A.G.Paslnsky,  S.A.Glikman,  Z.A.Rogovin, 
and  many  others),  but  this  goes  beyond  the  range  of  our  article. 

1.  The  Chemistry  of  Proteins 

There  is  no  need  to  dwell  on  the  great  role  of  proteins  in  living  processes. 
Engels  had  already  said,  "Everywhere  where  there  is  life,  we  find  that  it  is  re¬ 
lated  to  a  protein  body,  and  everywhere  where  there  is  a  protein  body  not  in  the 
process  of  decomposition,  we  also  find,  without  exception,  the  phenomenon  of  life". 
It  is  therefore  not  surprising  that  the  chemistry  of  proteins  has  always  attracted 
the  particular  attention  of  biochemists,  physiologists,  and  nutritionists.  At 
the  same  time,  proteins  are  an  important  source  of  raw  material  for  J  _•  chemical 
industry  and  for  the  most  important  organic  substances,  a  knowledge  of  whose  nature 
has  developed  in  relation  to  the  successes  of  chemistry,  and  in  turn  exercises  an 
influence  on  the  development  of  the  chemistry  of  high-molecular  weight  substances. 


It  is  necessary  to  point  out  that  in  the  past  quarter 
of  a  century  our  scientific  and  technical  interest  in  proteins  has  Increased  tre¬ 
mendously,  inspiring  a  nuvber  of  works  which  have  clarified  the  composition  and 
structure  of  protein  iv  lf.cules. 
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Even  In  the  XIXth  century,  research  on  the  hydrolytic  cleavage  of  proteins 
showed  that  the  chief  product  of  this  process  consisted  of  amino  acids,  and  in 
addition,  of  small  quantities  of  the  anhydrous  forms  of  amino  acids  —  the  diketo- 
piperazlnes,  which  were  easily  formed  from  amino  acids,  and  the  dipeptides,  which 
were  without  difficulty  converted  in  alkaline  medium  into  salts  of  amino  acids. 
N.D. Zelinsky  in  1914  expressed  his  belief  in  the  role  of  the  iJiketoplperazines 
in  the  structure  of  protein  molecules  [sb]'. 

Applying  improved  methods  of  hydrolysis  of  proteins,  N.D. Zelinsky  in  collab¬ 
oration  with  V.S.Sadikov  (from  1925  on)  and  N.I.Garllov  (from  192?  on)  reached 
the  conviction  that  diketoplperazlnes  were  stable  and  in  addition  were  primfitry 
products  of  the  hydrolysis  of  proteins  on  a  par  with  amino'aclds.  . 

The  isolation  of  the  anhydride  form  preexisting  in  the  protein  molecule, 
depends,  in  N.D. Zelinsky’s  opinion,  on  the  conditions  of  hydrolysis j  for  example, 
autoclave  hydrolysis  with  25^  formic  acid  and  4  —  *  ^  mineral  acid  pesults  in  com¬ 
plete  splitting  of  the  dlketopiperazine  structural  element  [bb]. 

In  the  work  of  N. D.Zel insky = and  V.S.Sadikov  in  1923>  they  expressed  a 
diketopiperazine  theory  of  the  protein  molecule.  The  German  biochemist,  Abderhal- 
den,  quickly  adopted  this  theory. 

In  the  twenties,  the  diketopiperazine  theory  was  received  with  sympathy 
by  those  who  believed  that  high-molecular  weight  substances  possessed  small  ring 
molecules  with  a  tendency  to  associate  beca^j^  of  residual  valences  into  large 
aggregates,  and  to  give  colloidal  solutions  '(association  colloids).  Examples 
of  such  small  ring  molecules  with  a  tendency  to  associate  to  form  complexes 
were  supposed  to  be  cellulose  —  (by  Hess,  Pringsheim,  and  Karrer)  and  rubber  (by 
Harries  and  others) . 

Tlie  theory  of  associated  complexes  for  higli-moleculetr  weight  compounds 
was  abandoned  by  its  supporters  in  the  thirties  on  every  front  of  the  chemistry 
of  high-molecular  weight  compounds,  which  were  not  taken  to  be  eucolloids. 

Protein  was  regarded  as  having  a  polypeptide  structure,  a  view  which  had  been 
particularly  defended  earlier  by  Emil  Fischer  (1899-1919)*  The  diketopiperazine 
theory  of  the  structure  of  proteins  was  further  developed  in  the  work  of  various 
authors  and  interpreted  by  them  in  a  way  "that  was  unacceptable  to  N.D. Zelinsky 
and  N.I.Ga-'/rilov. 

We  shall  leave  to  one  side  the  other  theories  of  the  structure  of  protein, 
for  instance  that  of  Trezengard  (pyrrole  rings),  which  later  became  the  piper¬ 
azine  theory  of  protein  structure,  Bergmann’s  theory  (oxa,zpline  rings),  Karrer 's 
imidazoline  units),  etc. 

'  N 

Accepting  the  tautomeric  forms  of • diketoplperazlnes  with  multiple  bonds, 
which  made  it  possible  to  write  down  polymers  in  the  form  of  condensed  rings, 
the  English  mathematician  Wrinch  developed  a  singular  cyclic  theory  of  the 
structure  of  proteins,  not  based  upon  experiment,  in  which  diketoplperazlnes  . 
formed  triazine  cycles  with  a  peculiar  macrocyclic  structure.  The  theory  was 
at  one  time  accepted  by  EWL.Talmud  [^o]. 

However,  the  formula  proposed  by  Wrinch  was  contradicted  by  a  number  of 
facts  (the  fact  that  triazine  rings  had  not  been  shown  present,  the  abundance 
of  double  bonds,  of  enolic  hydroxyl,  etc.). 

A  complicated  and  unstable  structure  of  the  protein  molecule  was  proposed 
by  M.S .Renichenko  [4i]  (easy  closing  and  opening  of  the  rings,  the  presence  of 
polypeptide  and  ring-shaped  links). 

N. I. Gavrilov  and  his  coworkers,  in  a  number  of  investigations  showed  the 
presence  in  proteins  of  cyclic  units,  along  with  peptide  structures,  and  thus 
revealed  the  amide  linkage  in  proteins. 

illegible  numeral. 
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The  demonstration  of  dike  top  iperazine  in  native  unaltered  protein  was  made 
by  different  methods. 

An  ionophoretic  method  permitted  the  separation  of  amino  acids  and  pdptldes 
from  the  diketopiperazlnes  [42].  In  order  to  eliminate  the  possible  suspicion 
that  In  the  application  of  this  method  the  diketopiperazlnes  might  be  formed 
at  the  moment  of  destruction,  a  method  for  the  electrolytic  reduction  of  the  di¬ 
ke  top  iperazine  s  in  unchanged  protein  was  used.  The  experiment  showed  that  in 
the  process,  the  NHCO  grouping  was  not  reduced  to  peptides,  but  that  the  ring 
units  were  reduced  quantitatively  [43], 

It  thvis  became  possible  to  determine  the. number  of  piperazine  rings  in 
native  protein.  Model  amldine  structures  of  piperazine  and  amino  acids  [44]  , 
were  synthesized,  and  it  was  shown  that  their  vabllity  to  be  fermented  by  ensile 
systems  of  pepsin  and  stomach  Juice  was  due  [45]  to  a  specific  enzyme,  " amldinase 
which  hydrolyzed  amldine  groups  existing  in  native  protein. 

It  was  shown  that  protein  contained  along  with  the  amidlne  structure  short 
polypeptide  chains  (trlpeptide  chains);  this  was  discovered  from  research' on  the 
absorption  spectra  of  copper  peptide  complexes  [40]. 


The  discovery  of  the  amldine  group  in  proteins  was  an  importamt  factor. 

The  researches  of  N.D. Zelinsky,  N. I. Gavrilov,  and  their  coworkers  cleared 
up  many  things  about  the  structure  of  th.e  protein  molecule.  The  protein  micro- 
molecule  can  be  represented  in  the  following  laanner; 

NH  •  ■  ?  '  . 
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Of  course,  every  different  kind  of  protein  will  have  its  own  structure.  It 
is  probable  that  in  several  converted  (denatured)  proteins  the  ttiree -dimensional 
structures  which  are  very  frequently  me,t  in  the  group  of  high-polywers  (bakellte, 
ethyl  cellulose,  etc.)  also  play  a  role. 


The  sjTithesls  of  protein  is  of  great’  interest.  It  is  known  that  the  syn¬ 
thesis  of  polypeptides  is  to  some  extent  an  approach  to  the  synthes*ls  of  protein. 
Our  well-knovn  biochemist  Danilevsky  [4t]  hrvi  long  before  described  the  synthesiz¬ 
ing  .  action  of  pepsin  on  protein  liydroiy'sates.  He  had  obtained  preparations  known 
as  pis steins,,  but  with  properties  very  much  altered  from  those  of  the  protein 
before  hydrolysis.  .  . 

Sbcperlciehts  by  different  investigators  showed  that  pressure  favorably  in¬ 
fluenced  polymerization  and  condensation. 


These  two  factors,  enzymic  action  and  pressure,  were  successfully  utilized 
in* the  work  of  S.S.Bresler  and  his  co\rorkers  [40].  Protein  was  first  hydrolyzed 
by  on  enzyme  in  a  buffered  medium.  The  hydrolysate  obtained  was  then  subjected 
in  a  special  appai'atus,  to  a  pressure  of  5  ^  thousand  atmospheres  at  57®;  during 

.this  process,  the  reverse  synthesis  of  polypeptide  rings  took  place.  The  experi¬ 
ments  were  carried  out  *»*llh  a  number  of  protein  hydrolysates.  Sufficiently  satis¬ 
factory  data  were  obtained  to  cenfirm  the  fact  that  the  synthesis  of  protein  mole¬ 
cules  actually  took  place  as  a  re.sult  of  the  reversibility  of  the  enzymic  action  . 
and  the  Ir.portant  role  of  the  pressuj  e. 

The  quasiproteins  obtained  differed  from  Danilevsky's  plasteins  in  being 
simllai'  to  the  original  proteins. 
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It  waB  shown  that  In  an  aqueous  solution  under  a  pressure  of  5,000  atmospheres. 
It  was  possible  to  synthesize  from  a  tripeptide  ester  (trialanine)  a  polypeptide 
containing  12  to  13  amino  acid  residues  [o]. 

During  the  past  years  protein  has  found  various  forms  of  technical  applica¬ 
tion.  For  example,  a  method  has  been  developed  for  producing  not* only  milk  casein 
but  plant  casein  (Byelorussian  Academy  of  Sciences,  lenin  A^icultural  Academy), 
for  utilization  in  the  manufacture  of  flb6i?S  and  plastic;  in  this  article,  however, 
we  shall  disregard  these  developments  as  having  comparatively  narrow  technical 
value . 

In  the  past  25  years,  a  great  many  investigations  have  been  devoted  in  this 
country  to  the  chemistry  of  protein,  and  great  progress  has  been  made  in  the  USSR 
in  this  branch  of  the  chemistry  of  high  molecular  weight  compounds. 


2.  Most  Important  Progress  in  the  Chemistry  of  Carbohydrates 

The  great  biological,  nutritional,  and  technological  importance  of  carbohyd¬ 
rates  is  the  reason  for  their  extensive  production  and  for  the  great  scientific 
interest  in  this  group  of  substances.  Sucrose  has  firmly  established  itself  in 
our  lives  as  a  useful  r\utritlonal  substeince.  The  extraction  of  sucrose  from  sugar 
beets  has  become  a  gigantic  industry  in  the  USSR.  Here  there  is  a  close  relation 
between  agronomy,  Michurlan  science,  €ind  chemistry. 

The  products  of  hydrolysis  of  wood  are  an  enormous  resource  of  carbohydrates; 
a  partial  alkali  sulfite  treatment  gives  a  mixture  of  monoses'.  These  are  hexoses 
which  can  be  fermented  to  give  ethyl  alcohol,  suitable  for  treuisformation  into 
divinyl  according  to  Lebedev’s  process.  Thus  the  forestry  and  cellulose  industries 
come  to  the  aid  of  the  industry  for  manufacturing  the  Lebedev  dlvinyl  synthetic 
rubber.  Many  branches  of  industry  have  been  built  upon  starch  and  especisJ-ly  upon 
cellulose  raw  material.  It6  great  storehouse  in  nature,  renewed  every  year,  and 
its  extremely  remarkable  physico-chemical,  physic o-mechanical  and  chemical  proper¬ 
ties  make  cellulose  a  most  valuable  material  for  paper,  for  cotton  fabrics,  and 
for  chemical  transformation  into  artificial  fibers,  motion  picture  film,  and 
jplastics. 

"  Barller,  in  pre-Revolut ionary  Russia,  a  small  group  of  technological  paper, 
manufacturers  and  textile  manufacturers  was  interested  in  cellulose .•)  Only  isolated 
representatives  of  chemical  technology,  like  A.M.Nastyukov  and  A.V.Sapozhnikov, 
carried  out  any  significant  investigations  in  this  field. 

The  situation  was  basically  changed  in  Soviet  times,  when  a  large  number 
of  scientific  personnel  were  trained  to  study  cellulose  and  its  derivatives,  in’ 
connection  with  different  branches  of  industry.  There  was  rapid  development  in 
the  years  of  the  Stalin  Five-Year  Plan  (artificial  fiber,  moving  picture  film, 
celluloid,  etc.)  The  scientific  workers  in  the  fields  of  physical  and  colloid 
chemistry  and  in  physics  successfully  began  to  carry  out  research  on  cellulose 
products. 

In  the  modern  progress  of  the  chemistry  of  cellulose,  a  great  role  has  been 
played  by  the  brilliant  development  of  the  chemistry  of  the  simpler  sugars  at  the 
end  of  the  past  century,  and  particularly  in  the  twenties  of  the  present  century. 

In  the  Soviet  Union  during  the  past  25  years  there  has  been  developed  with  con¬ 
siderable  originality,  particularly  by  Favorsky's  school,  the  chemistry  of  mono- 
hydroxylic  aldehydes  and  ketones  (hydroxycarbonyl  compounds);  these  represent  the 
simplest  models  of  sugars,  and  the  chemistry  of  monoses  and  dlsaccharldes. 

The  Characteristic  Reactions  of  the  S Implest  Hydroxycarbonyl  Compounds  and 
Mionoses .  A. E. Favor sky  [soT' found  that  unsymmetrical  dichloroke tones  could  be  obtained 
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from  acetylene  hyurocarbons  by  the  action  of  hypochlorous  acid;  he  then  discovered 
that  these  could  be  transformed,  by  a  spontaneous  oxidation-reduction -reaction, 
into  an  acid  of  the  ethylene  series  (1O95)  and  was  able  to  pass  from  mono-halogen- 
ated  ketones  to  hydroxy-ketones  and  to  definite  acids  (I913**192i9.*  Favorsky  united 
in  his  work  the  synthetic  transformation  of  acetylene  hydrocarbons  and  hydroxy- 
carbonyl  compounds.  Interesting  intramolecular  oxidation-reduction  reactions  were 
lound  (1928)  to  transform  hydroxy  ketones  into  isomeric  hy dr oxyke tones  [si],  the 
alcoholic  and  ketonlc  groups  changing  places  in  such  a  way  that  the  ketone  group 
moved  toward  the  end  of  the  chain  ( A. E. Favor sky,  A.I.Umnova,  V,N. Vasilyev,  E.D. 
Venus -Danilova,  and  others) . 

S.N. Danilov  and  E.D. Venus -Danilova  (1919“19:58)  come  even  closer  to  the 
models  of  the  transformations  in  carbohydrates.  They  studied  in  the  hydroxyalde- 
hydes  the  oxidation-reduction  transformations  that  were  typical  of  sugars. 

The  most  important  intramolecular  oxidation-reduction  transformations  of 
sugars  are  represented  by  the  reci];Jij.'ocal  eplmerlc  changes  of  aldose  and  ketose, 
and  the  rearrangements  of  the  monoses  to  give  other  sugai's,  discovered  in  the 
last  q^uarter  of  the  XIXth  century.  These  two  types  of  transformation  of  sugars 
similar  to  the  well-known  Caimizzaro  reaction  of  the  transformation  of  aldehydes 
into  alcohol  and  acid,  are  at  the  basis  of  many  biochemical  changes,  for  exEunple, 
of  the  alcoholic  and  other  fermentations  of  sugars.  The  epimeric  conversion  of 
monoses  was  discovered  by  Lobry  de  Bruyn  (l895)^  definitely  in  relation  to  the 
study  of  the  synthesis  of  sugars  made  by  Butlerov,  who  subjected  formaldehyde  to 
the  action  of  lime,  and  obtained  a  mixture  of  monoses,  with  a  predominance  of 
ketoses  instead  of  aldoses. 


We  may  note  that  the  use  of  organic  bases  (pyridine,  quinoline)  favors  the 
epimeric  conversion  of  monoses  [ss).  As  a  result  of  t)ie  action  of  lime  on  cello- 
biose,  S.N. Danilov  and  P.T. Pastukhov  obtained  [53]  p-(l,5)-gluco3ido-4-(l.5)~mannose, 
and,  apparently,  ketocellobiose. 


To  explain  the  epimerizatlcn  of  sugars,  Lobry  de  Bruyn  made  use  of  an  aJeo- 
holic  hydroxyl  scheme  which  had  first  been  used  by  Butlerov  in  the  formula  of  his 
oxoketenol: 


(cH3)3C  •  COH  -  CH(CB3)2 


obtained  from  a  dimer  of  Isobutylene. 


Somewhat  earlier,  chlorhydroxyl  and  alcoholic  hydroxyl  structures  had  been 
applied  to  a  great  extent  by  A. E. Favorsky  to  explain  the  transformation  of  di- 
chloroketones  into  acrylic  acids  (l894-l895)  and  of  chloroketones  of  the  poly¬ 
methylene  series  into  polymethylene  acids  [54]  (1913-I918);  later  (1923)  Favorsky 
used  this  scheme  to  exp  Tain  alcoholic  fermentation  and  the  transformation  of 
ketoalcohols  into  isomeric  ketoalcohols .  All  these  reactions,  discovered  by 
A.  E.  Favor  sky  and  developed  by  hDa  and  his  students,  wem  of  an  interest  that  far 
surpassed  the  boundaries  of  the  field  of  molecular  rearrangement  of  organic  com¬ 
pounds.  The  isomeric  treuisfomaticns  of  ketoalcoho]i,G  were  studied  in  detail 
by  A. E. Favor sky  in  the  twenties.  This  field  of  Icomei'ic  transformations  of  keto¬ 
alcohols  has  been  developed  during  the  past  years  by  A.F.Khaletsky  [sa]  and  is 
being  investigated  at  present  by  T. I. Temnikova  [se]. 

Priority  In  the  development , of  the  reaction  for  isomeric  transformations  of 
ketones  (first  published  by  Favorsky  in  1914),  which  began  to  attract  attention 
abroad  in  the  twenties  and  thirties,  belongs  to  the  school  of  Favorsky. 

Closely  related  to  these  imostigatinns  of  Favorsky,  and  actually  an  exten¬ 
sion  of  them,  is  the  work  of  S.N. Danilov  and  E.D. Venus -Danilova  on  the  isomeric 
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transformations  of  aldehydes  and  hydroxyaldehyde. compounds*  . 

In  1919,  S.N.Danllovdescrlhed  in' detail  the  ketone  rearrangement  of 
aldehydes,  and  remarked  on  the  great  significance  of  this  rearrangement  in  the 
transformations  of  a-glycols  when  water  was  eliminated- from  them;  Later,  from 
1925  on,  In  collaboration  with  E.D.  Venus -Danilova,  he  extended  this  reaction  to 
a  number  of  aldehydes  with  open  chains.  The  ketone  transformation  of  aldehydes 
has  also  been  investigated  abroad  (from  1926  on) . 

The  isomeric  transformation  of  ketones  into  other  ketones  which  had  been 
expected  (by  S.N. Danilov)  was  discovered  by  the  investigations  of  A.E.  Favorsky 
and  A.A.Chilingaryan  (I926),  and  developed  in  a  number  of  later  investigations. 
During  the  past  few  years  it  has  been  investigated  in  detail  by  T.E.Zalesska 

(57) . 

The  ketone  transformation  of  aldehyde  structures  was  extended  by  S.N. Danilov 

[58]  (from  1927  oil)  "to  a-hydroxy6ildehydes  and  developed  in  collaboration  with 
E.D.  Venus -Danilova  for  a  number  of  a-hydroxyaldehydes.  It  was  shown  that  not 
only  the  halogenated  aldehydes,  but  the  a-hydroxyaldehydes  with  tertiary  alcoholic 
groups  were  themselves  capable  of  undergoing  transformation  into  acid  in  the 
presence  of  the  appropriate  reagents.  In  a  large  number  of  investigations,  E.D. 
Venus -Danilova  [59]  described  the  ketone  tran£^formation  of  aldehydes,  as  well  as 
the  hydroxy-ketone  and  acid  transformations  of  a-hydroxyaldehydes  of  the  poly- 
methylene  series.  She  observed  interesting  cases  of  widening,  narrowing  and 
opening  of  polymethylene  rings  (1958),  similar  to  the  transformations  of  rings 

in  polynethylene  hydrocarbons  and  alcohols  discovered  by  our  chemists  (N.M.Klzhner, 
N.Ya.  Demyanov). 

Like  the  a-halogenaldehydes,  the  2-h8Llogen  monoses  Isomer Ize  under  the 
action  of  lead  hydroxide  to  give  sugar  acids  of  a  new  type  (desone  acids);  these 
have  been  obtained  by  S.N. Danilov  euid  A.M.Gakhokidze  from  monoses,  and  in  the 
very  last  few  years  by  A.M.Gakhokidze  from  a  number  of 'bloses  [eo]. 

Our  chemists  (A. M. Kuzin,  S.A.Balezin)  have  Introduced  essenticLL  new  features 
into  our  concepts  of  the  old  Butlerov  reaction  on  the  synthesis  of  monoses  from 
formaldehyde . 

Kuzin's  investigations  [ei]  have  shown  the-.autocatalytlc  na-ture.of  Butlerdv's 
reaction,  the  catalytic  role  being  ascribed  to  the  enedlol  forms  of  the  sugars. 
Using  a  dilatometric  method  to. study  this  reaction,  Balezln  [62]  has  arrived  at 
the  conclusion  that  lime  is  a  component  part  of  the  intermediate  complex  of  the 
initiating  centers  ond  that  its  role  is  not  limited  to  the  creation  of  a  definite 
alkalinity  of  the  medium. 

While  speaking  of  the  synthesis  of  sugars,  we  must  note  that  A.M.Gakhokidze 
[63]  has  successfully  synthesized  bioses  with  connecting  links  in  other  than  the 
usual  positions;  these  are  encountered  in  nature  in  the  disaccharides,  with  links 
particularly  in  the  1,5  positions  (glucosldo-3-giucose) ,  and  he  has  suggested 
methods  for  finding  the  positions  of  linkage. 

Sugar  rearrangements,  including  diastereoisomeric  rearrangements  of  the 
monoses  and  disaccharides,  are  of  direct  interest  in  the  chemistry  of  cellulose. 

We  may  assume  that  in  alkaline  media  the  cellulose  molecules  are  capable  not  only 
of  being  oxidized  or  split  by  hydrolysis,  but  also  of  undergoing  diastereoiso¬ 
meric  and  epimeric  trauisformations  and  a  sugar  rearrarangement;  the  same  thing 
would  be  especially  true  of  the  products  of  hydrolysis  of  cellulose.  In  alkali 
cellulose  which  has  undergone  long  aging,  sugar  acids  are  actually  found  (a.S. 
Shpltalni  [64]). 

We  have  achieved  great  success  in  the  hydrolysis  of  wood  under  industrial 
conditions  (Sharkov,  Chepigo,  Martinenko,  Ivanov) .  Wood  hydrolysis  is  of  great 
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interest  because  of  the  fact  that  it  is  a  means  of  preparing  large  (Quantities 
of  monoses,  which  are  a  valuable  material  for  the  production  of  alcohol  and  for 
other  requirements  [es]. 

The  acetolysis  of  cellulose,  in  which  cellulose  gives  a  cellobiose  octa- 
acetate,  has  been  studied  in  detail  by  S.N. Danilov  and  P.T. Pastukhov,  who  have 
rl.-vsloped  the  optimal  conditions  for  the  reaction,  in  particular  with  regard  to 
the  choice  of  a  catalyst,  and  have  studied  the  velocity  of  the  reaction  [tJs]. 

The  acetolysis  of  cellulose  is  regarded  as  a  solvolytic  oxidation-reduction  reaction. 

Cellulose  Fibers.  In  connection  with  the  hydrolytic  and  acetolytic  split¬ 
ting  of  cellulose,  attpnclon  has  been  dravrn  to  hydrocellijLLose,  which  is  in  the 
form  of  a  cellulose  fiber  that  has  undergone  acid  treatment5  during  the  treatment, 
the  cellulose  has  imdergone  swelling,  and  possibly,  to  seme  degree,  hydrolysis. 

The  weakest  indications  of  hydrolysis  occur  during  the  swelling  of  cellulose 
in  phosphoric  acid.  At  the  proper  concentration  of  solution,  there  are  obtained, 
after  removal  of  the  acid,  mechanically  stable  masses  of  cellulose,  in  porous  form, 
(S.N. Danilov,  N.F.Gintse 

Preparations  of  cellulose  -vdiich  have  undergone  alkaline  treatment,  so-called 
cellulose  hydrate,  have  been  studied  under  various  conditions;  artificial  fibers 
and  films,  made  by  the  viscose  and  copper -ammonium  methods,  are  cellulose  hydrate. 
The  investigations  of  both  cellulose  hydrate  and  the  natufeil  fibers  are  of  Interest 
with  regard  to  cellulose  structure. 

The  methods  of  roentgeno^aphlc  investigation  and  of electlrooographic  study 
by  the  diffraction  of  rapid  electrons  have  been  applied  to  fibers  in  the  USSR; 
these  have  shown  that  cellulose  fibers  do  not  possess  a  microcrystalline  structure. 
In  the  investigations  of  nitrocellulose  films  by  the  method  of  diffraction  of 
rapid  electrons,  V. A. Kargin,  back  in  1931 1  arrived  at  the  conclusion  that  the  width 
of  the  zones  of  Interference  on  the  electronogram  were  the  same  as  for  the  roent¬ 
genogram,  and  that  this  proved  the  amorphous  nature  of  the  cellulose  esters,  and 
the  absence  of  microcrystalline  complication. 

The  sajae  fact  was  confirmed  [ea]  for  cellulose  hydrate  film  (cellophane) 
which  had  undergone  stretching,  by  the  work  of  Kargin  and  Leypunska  on  the  diffrac¬ 
tion  cf  different  wave  lengths  —  from  0.06  A  (rapid  electrons)  to  1.5^  A  (X-rays). 

Upon  stretching  of  the  film,  the  diffraction  pattern  on  the  roentgenogram 
was  changed  (emergence  of  texture)  but  the  electronogram  showed  no  change;  conse¬ 
quently,  there  was  no  regi\larity  in  tiieidistribution  of  the  raacromolecules. 

The  formation  of  roentgenograms,  like  the  double  refraction  of  cellulose 
fibers,  does  not  testify  to  the  crystalline  nature  of  fibers,  as  parallel  roebt- 
genograx)liic  and  electronographic  determinations  do  not  confirm  it.  The  presence 
cf  double  refraction  Indicates  only  a  suitable  distribution  of  macromolecules  in 
the  fiber  [vo]. 

V. A. Kargin  and  N.V. Mikhailov,  in  a  number  of  works,  have  studied  the  ques¬ 
tion  of  orientation  of  macromolecules  in  natural  fibers  euid  in  cellulose  hydrate, 
and  of  chtuiges  of  orientation  under  the  influence  of  different  reagents  (tensile 
stress,  heating  in  liquids  [vi])  both  of  these  in  relation  to  mechanical  properties 
which  are  of  interest  for  the  production  of  artificial  cellulose  fibers. 

The  work  of  our  chemists  has  led  to  the  new  conclusion  that  cellulose  has  an 
amorphous  structure  and  that  there  is  actually  a  single  phase  system  in  cellulose 
fiber;  this  means  that  there  are  no  phase  changes  during  the  action  of  different 
reagents  upon  cellulose. 

Cotton  and  wood  cellulose,  the  latter  containing  cl^lef'ly  sulfite  cellulose. 
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are  suitable  materials  for  chemical  utillzatloii.  Beginning  at  the  end  of  the 
twenties,  we  have  begun  to  use  large-scale  mechsuiical  devices  for  the  complete 
purification  of  cotton  cellulose  and  for  obtaining  high  quality  sulfite  cellulose 
[72],  guaranteeing  the  production  of  hl^  quality  viscose  fibers  and  films. 

We  now  have  at  our  disposal  large  quantities  of  high-quality  cotton  cellu¬ 
lose  and  highly  improved  wood  cellulose  for  the  artificial  fiber  Industry,  for 
motion  picture  films,  and  for  plastics. 

Chemical  Transformation  of  Cellulose.  Large  quantities  of  technical  cellu¬ 
lose  are  transformed  into  artificial  viscose  silk,  artificial  wool,  cord  for 
automobile  tire  casings,  and  viscose  film  (cellophane),  and  also  by  means  of  the 
cuproimnonium'  •  process  into  artificial  silk  and  artificial  wool.  The  chemical 
operations  serve  only  to  put  the  cellulose  into  solution  in  the  form  of  cellulose 
xanthogenates  of  '  cc^jiammonium  complexes,  and  then  the  cellulose  is  regenerated 
again  in  the  free  form,  in  the  shape  of  a  fiber  or  film. 

By  their  own  skills  our  specialists  have  developed  very  successful  techno¬ 
logical  processes  for  the  production  of  both  forms  of  artificisLl  cellulose  fiber; 
the  literature,  both  in  the  form  of  Journal  eirticles  and  of  .monographs,  is  broad 
and  very  inclusive;  In,  it  are  pub li shed-many  significant  facts  concerning  the  ' 
chemistry  of  cellulose  and  high-molecular  weight  compounds.  We  may  say  that  dur- 
int  the  Stalin  Five-Year  Plans  there  has  been  constructed  a  new,  previously  non¬ 
existent  industry  for  the  chemical  transformation  of  cellulose,  and  that  numerous 
scientific  and  technical  personnel  have  been  supplied,  greatly  increasing  the 
number  of  investigators  in  this  field. 

O.P. Golova  and  V.  I.  Ivanov  [73],  working  with  .  o.  cupr  ammonium  solutions  of 
cellulose,  have  made  the  interesting  observation  that  the  long-known  fact  that 
the  viscosity  of  cellulose  in  cupijammonium  solutions  is  lowered  upon  the  addi¬ 
tion  of  air  must  have  far  more  signiificance  than  is  generally  ) supposed.  Therefore, 
in  determining  the  viscosity  and  molecular  weights  of  celluloses  in  these  solutions, 
even  a  very  small  quantity  of  air  considerably  lowers  the  viscosity  and  molecular 
weight  (they recommend  a  vacuum  of  10”®  mm.) 

S.N. Danilov  and  his  coworkers  (1957-19^0)  [■^4],  have  Investigated  the  basic 
salts  of  copper  and  the  Influence  of  electrolytes  on  the  viscosity  of  'xupram- 
monium  '  solutions.  According  to  their  experiments,  sodium  sulfite  end  thio¬ 
sulfate,  and  to  some  extent,  added  organic  substances,  strongly  inhibit  the  oxi¬ 
dation  of  cellulose  and  ammonia  in  ^  cupr ammonium,  solutions^  the  organic  substances 
added  increase  the  stability  of  the  copper  tetrammonium  complex.  A.V.Pakshver  and 
M.I.Arkipov  [75]  have  investigated  the  solubility  of  copper  hydroxide  in  ammonia, 
and  have  determined  the  composition  of  complexes;  they  have  also  studied  other 
problems  of  the  chemistry  of  oupramcnonium  solutions  used  for  the  spinning  of 
fibers. 

There  are  many  more  investigations  of  the  chemistry  of  the  xanthogenates 
and  of  viscose,  which  are  closely  related  to  the  practical  problems  of  the  viscose 
Industry;  in  a  short  period,  we  have  achieved  a  high  level  of  technical  development. 

N.N. Nikitin  has  studied  the  influence  of  re'itigeration  upon  the  swelling 

of  cellulose  in  alkali  and  has  found  that  the  swelling  is  greatly  increased,  in 
accordance  with  definite  rules  relating  the  swelling  of  cellulose  to  the  degree  of 
lowering  of  the  temperature.  He  has  noted  the  significance  in  this  process  of  a 
decrease  in  the  viscosity  of  the  cellulose,  of  an  Increase  in  the  tendency  to 
hydrolyze,  and  of  the  hygroscopic ity.  In  this  connection,  we  may  point  out  that 
these  authors  have  also  investigated  the  production  of  soluble  xanthogenates  with 
a  small  expenditure  of  cai*bon  disulfide  at  loH  temperatures.  Z.A  Rogovin  has  also 
studied  the  influence  of  different  factors  on  the  properties  of  cellulose  xantho¬ 
genates 
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The  action  of  the  oxygen  of  the  air  tends  (S.N. Danilov  and  others)  to  forr?. 
dlxanthogenldes  and  polysulflde  compounds  In  viscose.  Influencing  the  course  of 
its  ripening.  Potassium  cyanide  may  serve  as  a  reagent  for  the  various  polysulf¬ 
ide  compounds  in  viscose,  capable  of  removing  the  sulfur  from  disulfide  compounds, 
In  a  manner  similar  to  that  of  sodium  sulfite  and  erscnlte.  Thus,  an  important 
role  is  played  in  viscose  by  hydrolytic  processes  taking  place  simultaneously  with 
oxidation-reduction,  oxidizing  and  anti -oxidizing  processes,  and  the  interchange 
of  sulfur  atoms  of  polysulflde  ccmpcTinds  with  other  compounds.  (S.N. Danilov,  O.P. 
Kozmlna,  N.M.Grad,  and  others 

Broad  scientific  Investigations  and  particular  branches  of  chemical  industry 
are  bound  up  with  the  esters  and  ethers  of  cellulose.  We  may  name  nitrocellulose 
as  ranking  first  in  importance.  In  the  work  of  D.I.Mendelyeev,  who  discovered 
pyrocolloids,  of  A.V.Sapozhnikov,  who  gave  the  first  theory  of  the  nitration  of 
cellulose  and  had  a  correct  concept  of  nitrocellulose,  as  well  as  of  high-molecular 
weight  substances  of  heterogeneous  composition,  and  in  a  ntimber  of  other  investi¬ 
gations,  Russian  sclnnce  has  contributed  much  to  this  chapter  of  the  chemistry  and 
chemical  transformation  of  cellulose.  At  present,  all  aspects  of  the  cellulose 
esters  are  being  studied,  a  fact  which  is  not  surprising,  as  extremely  important 
industries  are  based  upon  nitrocellulose. 

Sapozhnikov's  theory  of  the  nitration  of  cellulose  has  been  extended  in  the 
work  of  Danilov,  Matveyev,  and  Buchhalter  on  mixtures  of  phosphoric  and  nitric 
acids;  here  the  swelling  of  cellulose  in  the  nitrating  mixture  [vs]  plays  an  im¬ 
portant  role. 

There  is  a  very  extensive  literature  on  the  relationships  between  nitrocellu¬ 
lose  and  solvents.  For  example,  the  energy  of  this  relationship  is  greatly  de¬ 
pendent  upon  the  degree  of  nitration  and  upon  the  nature  of  the  solvent,  charac¬ 
terized  by  its  swelling  pressure  [so]  (Danilov,  Dlnkln) . 

The  synthesis  and  investigation  of  the  pronerties  of  cellulose  ethers  have 
been  carried  out  over  a  period  of  years  in  different  works  by  the  laboratories 
of  P.P.  Shorygin,  S.N. Ushakov,  N. I. Nikitin,  S.N. Danilov,  and  others, who  have  intro¬ 
duced  important  aspects  into  the  treatment  of  this  group  of  substances  [ai]. 

Interesting  examples  of  high-molecular  weight  trl -dimensional  structures  are 
described  in  a  number  of  works,  particularly  with  regard  to  the  esters  and  ethers 
of  cellulose.  For  example,  the  properties  of  cellulose  glycerine  ethers,  of  allyl- 
cellulose,  and  of  others  [®2]  have  received  special  study  in  this  regard. 

As  in  this  short  sketch  it  is  impossible  to  consider  even  the  most  important 
facts  in  the  chemistry  of  cellulose  that  have  been  discovered  by  Soviet  scientists, 
we  shall  limit  ourselves  to  what  has  been  said,  as  to  some  degree  illustrating 
the  directions  and  the  great  progress  of  Soviet  science  in  the  chemistry  of  high- 
molecular  weight  compounds. 


The  brief  data  given  above  on  the  progress  of  Soviet  chemistry  in  the  years 
of  the  Stalin  Five-Year  Plans  are  sufficient  to  indicate  the  characteristic  fea¬ 
tures  of  our -^science. 

We  may  say  with  pride  that  Soviet  chemists  devote  all  their  energy  to  vdiat  is, 
to  large  numbers  of  its  representatives,  "that  science  which  does  not  depart  from 
the  people,  does  not  hold  itself  separate  from  the  people,  but  is  prepared  to  serve 
the  people,  prepared  to  give  to  the  people  ail  the  achievements  of  science,  which 
serves  the  people  not  because  of  compulsion,  but  willingly,  of  its  own  desire'* 

(J.V. Stalin). 
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The  great  successes  of  Soviet  chemical  science*  are  due- to  SJtalln,  the  cory*- 
phaeus  of  science,  the  teacher  and  guide  of  the  peoples  of  the  USSR,  the  leader 
and  organizer'  of  the  gigantic  victories  of  our  state  in  industry,  agriculture, 
science,  euid  general  culture. 
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REFRA.CTOMETRIC  DATA*  ON  HIGHER  MOLECULAR  COMPOUNDS 
IN  SOLUTIONS  OF  MIXED  SALTS 

N. :  P.  Ermolenko  and  S. ;  Ya. .  Levitman 


Between  typical  compounds  of  the  first  order  and  those  of  higher  orders, 
there  are,  as  is  well  known,  intermediate  forms,  the  idegree  of  whose  closeness  to 
one  order  or  the  other  may  he  characterized  by  the  stability  of  the  form  or  the 
dissociation  constant  of  its  complex  ions. 

The  less  stable  the  given  compound  of  a  higher  order,  the  greater  is  the 
dissociation  constant  of  the  complex  ion,  and  the  higher  the  concentration  that 
will  be  needed  for  its  formation. 

This  is  especially  true  of  the  salts  of  untypical  complex-formers,  which 
at  low  concentrations  are  regarded  as  atomic  compounds  of  the  first  order,  while 
at  higher  concentrations  they  are  capable  of  giving  compounds  of  a  higher  order. 

We  encounter  the  question  of  whether  it  is  possible  to  form  compounds  of 
higher  order  in  salt  mixtures  when  attempts  are  made  to  explain  the  antagonism 
of  ions  during  the  coagulation  of  sols  by  mixtures  of  electrolytes. 

In  this  respect,  the  mixtures  of  alkaline  metal  and  magnesium  salts,  as 
well  as  a  number  of  others,  are  of  special  interest. 

In  the  present  case,  we  studied  the  possibility  of  formation  of  compounds 
of  higher  order  in  the  following  systems: 

1)  KCl  -  LiCl  -  H2O, 

2)  MgCl2  -  KCl  -  HaO, 

3)  SrBi-2  -  NH4CI  -  H2O, 

h)  BaCla  -  KCl  -  HgO. 

To  decide  whether  it  was  possible  to  form  compounds  of  a  higher  order  in 
solutions  of  salt  mixtures,  we  utilized  data  on  the  measurement  of  melting  point, 
depression  [il,  heat  of  mixing  [2],  electrical  conductivity,  electro-motive 
forces,  etc.,  and  on  the  basis  of  the  deviations  observed  from  the  magnitudes 
theoretically  expected,  we  decided  whether  chemical  compounds  were  formed  in  the 
mixture. 

N.S.Kurnakov' s  method  of  physico-chemical  eusalysis  showed  Itself  to  be  es¬ 
pecially  useful  in  attaining  the  purpose  indicated.  As  is  known,  from  the  point 
of  view  of  physico-chemical  analysis,  a  mixture  of  two  salt  solutions  may  be  re¬ 
garded  as  a  three-component  system  (Salt  A,  Salt  B,  and  water),  and  may  be  repre¬ 
sented  as  a  triangle  (Fig.  l) . 

Cuts  across  the  triangle,  parallel  to  side  AB,  represent  a  mixture  of  solutions 
of  substances  A  and  B  inVvarious -proportions,  with  constant  total  concentration. 

The  closer  the  cut  is  to  the  base  of  the  triangle,  the  greater  the  total  concen¬ 
tration  ot'  material. 
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A  serleB- of  such-cuts,  Joined  to  the -triangle 7  glveB-a-cmpipte  picture  of 
the  relationship,  of Tthese  three  substances.  To  obtain  such  a  cut'  (AB)  a  series 
of  mixtures  Is  made  up  of  two  equ,lmolecular  solutions  of  both  components. 

The  solutions  must  contain  the  same  molar  percentages  of  the  corresponding 
salts.  Mixtures  are  made  up  in  such  a  manner  that  the  sum  of  the  number  of  moles 
of  both  salts  in  every  mixture  always  remains  constant.  The  composition  of  the 
mixtures  is  given  along  the  axis  of  abscissas  (Fig.  2). 

If,  now,  any  physico-chemical  property  of  these  mixtures  is  measured  (elec¬ 
trical  conductivity,  light  absorption,  viscosity,  index  of  refraction,  etc.)  and 
compared  with  the  values  of  this  property  calculated  fi*om  the  rule  of  additivity, 
the  deviation  from  additivity  indicates  the  existence  of  a  chemical  compound  be¬ 
tween  the  components,  and  a  maximum  or  minimum  (depending  on  the  course  of  the 
curve  of  deviation. with  a  constant  number  of  moles  of  the  two  salts)  corresponds 
to  the  composition  of  the  compound  formed. 

If  the  maxiiium  is  formed  at  the  ratio  1:1,  the  compound  obviously  has  the 
formula  AB)  if  there  is  a  maximum  at  the  ratio  1:2,  the  compound  is  ABz)  with 
a  ratio  2:1,  A2B. 


One  of  the  most  important  methods  for  determining  compounds  of  a  higher 
order  in  salt  mixtures  is  the  measurement  of  the  index  of  refraction  of  the 
system,  and  a  determination  pf  the  deviation  of  this  index  from  additivity. 


A.  Glazunov  [3]  was  the  first  to  apply  the  determination  of  the  index  of 
refraction  as  a  method  of  physico-chemical  analysis.  He  studied  a  niomber  of 
systems,  and  gave  the  first  classification  of  isotherms  of  the  index  of  jrefrac- 
tion  for  binary  liquid  systems. 


Fig.  2 


In  a  number  of  works,  v.  Va.  ''nusov  Investigated  the  change  in  the  index 

of  refraction  in  a  series  of  liquid  s.ystems,  and  proposed  several  other  qlassifl- 
catlons. 

N,  A. Trifonov  and  G  K.Albxandpcrv [5 ]  carried  out  a  great  number  of  investiga¬ 
tions  on  isotherms  of  the  index  of  refraction  of  binary  liquid  systems. 

O. M.Morguleva  [Q]  studied  a  series  of  ideal  binary  systems^  such  as  chloro¬ 
benzene  —brcmobenzene,  m-xylene—o -xylene,  and  showed  that  the  isotherm  of  the 
index  of  refraction  of  these  systems  were  straight  lines  or  very  close  to  such 
lines. 
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N.A;ruGhiTi  and  P.G'.Watavail  [s]-  investl-ca-ted"  a  nurabeir  syaten^  formed 
from  piperl-dlrn;  and'  phenalS7  and  "also-  systems  formed-  by  acetic  acid*  and:  amines  [7  ] . 
In  the  Be*  systems,  they  observed  a'  devlatlorn:  iDf  the  value  of  the  index  of  re¬ 
fraction  from  additivity,  the  maximum  value  of  these  deviations  corresponding  to 
a  concentration  very  close  to  that  vhich  represented  a  chemical  compound. 

By-  means  of  the  data  on  index  of  refraction  of  the  system  CH3COOH  —  H2O, 
we  have  studied  the  formation  of  hydrates  of  acetic  acid  (a], 

Spaku  and  Popper  [8 ] studied  the  formation  of  compounds  of  higher  order  by 
means  of  the  change  of  index  of  refraction  in  mixtures  of  salts,  using  for  their 
calculations  the  so-called  method  of  continuous  variation  of  Job  [10],  which  was 
actually  a  partial  case  of  physico-chemical  analysis  of  a  three -component  system 
developed  by  the  school  of  N.S.Kurnakov. 

In  the  present  work,  we  have  studied  the  already-indicated  ternary  systems 
by  the  method  of  physico-chemical  analysis  (using  the  index  of  refraction), 
in  order  to  determine  the  possibility  of  formation  in  aqueous  solutions  of  the 
given  salt  mixtures  of  compounds  of  higher  order,  and  to  determine  the  composi¬ 
tion  of  these  compounds. 

For  the  theoretical  calculation  of  the  index  of  refraction  of  the  mixture 
(^theoretical)  starting  with  the  rule  of  additivity,  we  utlli2e  the  customary 
formula: 

^  ^  p  =  JHheoret. 

where  a  is  the  weight  (in  g)  of  the  initial  solution  of  one  salt, 
no.  the  index  of  refraction  of  this  initial  solution, 

3  is . the. weight  (in  g)  of  the  initial  solution  of  the  second  sa^lt, 

n^  is  the  index  of  refraction  of  the  initial  solution  of  the  second  salt. 

Having  assumed  that  in  the  absence  of  any  chemical  reaction  the  index  of 
refraction  of  the  mixture  is  the  additive  value,  every  deviation  observed  be¬ 
tween  the  experimentally  measured  values  and  the  values  of  the  index  of  refrac¬ 
tion  calculated  by  the  rule  of  additivity,  are  considered  due  to  the  formation 
of  a  new  compound  (of  higher  order)  in  the  solution. 

The  composition  of  the  compound  thus  formed  is  determined  from  the  graph 
(Fig.  2). 


EXPERIMQrrAL 

All  the  measurements  of  the  index  of  refraction  were  carried  out  by  means 
of  a  Pulfrlch  immersion  refractometer .  With  careful  work,  the  variation  of  the 
different  readings  amounted  to  +  1.82  divisions  of  the  scale,  which  corresponded 
to  +  0.05  units  in  the  fifth  decimal  place  of  the  index  of  refraction. 

The  entire  range  of  the  index  of  refraction  necessary  for  investigating  the 
solutions  euid  mixtures  was  determined  with  the  aid  of  three  interchangeable  prisms, 
overlapping  the  following  Intervals  of  the  index  of  refraction: 

prism  1  no  from  1.325^  to  1.5664, 

prism  L-2  njj  from  1.3642  to  1.3999> 

prism  L-5  nj)  from  1.3989  to  I.436O. 

The  apparatus  was  carefully  adjusted  after  each  change  of  prism.  A  test  of 

prism  1  was  performed  with  distilled  water,  of  prisms  L-2  and  L-3  with  special 
disks. 


During  the  period  Of  measurement,  the  temperature  vaS  kept  constant  at  20® C 
+  0.02^  hy  means  of  an  ultrathermostat.  * 

To  avoid  evaporation,  all  the  small  vessels  containing  the  solutions  while 
in  the  Pulfrlch  apparatus,  were  covered  with  rubber  stoppers,  and  the  immersion 
prism  was  provldea  with  a  rubber  Jar,  the  vessel  being  kept  covered  during  the 
time  of  making  the  measurement. 

The  water  for  the  prepetration  of  the  solution  required  two  alstlllatlons. 

The  reagents  used  were  chemidally  pure  (guaranteed)  or  Pure  for  Analysis. 

The  solutions  .were  prepared  by -dUssOlving  a  weighed  amount  of  the  mterial 
in  a  weighed  quantity  of, water. 

After  preparation  of  the  initial  solutions,  the  amount  of  substances  in 
them  was  controlled  by  means  of  gravimetric  titration. 

The  mixtures  were  prepax'ed  hy  addition  to  the  previously  calculated  euad  weighed 

amount  of  solution  of  e^'^^eh-t^pO^Tej^t calculated  and.  weighed  aodunt  of  solution, 
of  the  second  ctuoonent.  •  .  . 

Knowing  the  wight  of  sample  and  the  indices  of  refraction  of  both  initial 

solutions,  it  was  possible  to  calculate  \i^jjeoret.  the  formula 

a**  Uot  +  3  •  Dp  .  ■  ■  " 

!  a  +  p  ~  ^'theoret.  .* 

After  deteniLining  ww  possijblB  to  calculate  the 

differeiice  .  ,  ‘  •  -  . . 

-  '"7  ^  Of  =’ “theoret.  ^expt. 

By  marking  off  along  the  axis  of  abscissas  the  cdmpositlon  of  the  mixtures 
Investigated  and  along  the  ordinate  axis  the  values  of  the  deviation  of  the 
index  of  refraction  from  additivity  (An)  it  was  possible  to  make  a  graphic  deter¬ 
mination  of  a  maximum  or  min*Jj!ium  in  the  deviation,  and  thus  to  decide  whether  a 
coTtppxmd  of  a  hlC^er  order  was  iJresont  in  solution. 

Below  are  the  numerical  data  for  the  systems  studied.  .... 

Evaluation  of  Resdlts 

In  the  system  Lici  —  NaCl  —  HaP. 

(Tables  1  and  2,  Fig.  3)  the  deviations 
of  the  values  of  the  refractive  index 
from  .additivity  are  very  insignificant, 
raryton.^  and  close  to  the  values  that 
might  be  due  to  experimental  error.  This 
P,C;rmits  us  to  draw  the  conclusion  that 
no  compound  of  higher  order  is  formed 
in  this  system. 

In  the  system  MgCla  —  KCl  -*  HaO  (T-sbles  3  and  4,  Fig.  4),  the  deviations 
of  the  value  of  the  refractive  index  are  not  great,  but  have  a  clearly  expressed 
character.  The  maximum  of  the  deviations  is  at  the  ratio  MgClatKCl  =  1,  >riiich' 
permits  us  to  assume  that  the  compouqd  (MgClalK  is  .formed  in  this  system. 

The  sloping  character  of  the  deviation  curve  shows  that  under  the  given  condi¬ 
tions  of  concentration  and  temperature,  this  compound  (of  the  carnallne  type)  pos¬ 
sesses  no  great  stability, 

•:In  the  System  BaClg  “  KCl  —  H2O  •('3<i*.bles  7  and  8,  Fig.  the  deviations  of  the 
values  of  the  T«ifrp,ctlv^e  index  from  additivity  are\3A^£ly  large,  reaching  3  \mlts 
in  thfe  fourth  decimal  place. 


System  LlCl  -  NaCl  -  HgO 


Table  1  . 

Original  Solutions 


' '  ~  "  '  '  '1 

Caae  1 

Concentration  I 
(in  mole  %)  | 

'  n2d 

1 

LiCi . 

4.8732  j 

1  1.355844 

NaCl . 

5.0316 

1  * 

1  1,358662 

Table  2^ 

Mixtures  of  LlCl  and  NaCl  Solutions 


No.  of 
mixture 

Grams  of  original 
solution 

Mole  ^ 

n^°  . 
expt. 

theoret . 

An*  10® 

LiCl 

NaCl 

LiCl 

NaCl 

1 

5.0188 

17.0008 

0.7721 

4.2444 

1.558248 

1.5^257 

11 

2 

5.0185 

15.0518 

1.2579 

3.7329 

1.357960 

1.357957 

3  . 

3 

7.0272 

03.0^9 

1.7524 

5.2218 

1.357709 

1.357676 

32  . 

4 

8.0287 

12.0579 

2.0001 

2.9665 

1.55T5|54 

1. -357554 

30  • 

5 

9.0782 

11.0194 

2.2558 

2.7047 

1.557420  ! 

1.55'BP9 

49 

6 

9.9650 

10.0577 

2.4799 

2.4711 

2.35729“* 

1.357258 

36 

7 

11.0059 

9.0722 

12.7227 

2.2205 

1.557152 

1» 357117 

15 

8 

12.0150 

8.0050 

2«9750 

1.9602 

1.557006 

I.55697I' 

35  • 

9 

15.0537 

1 

5.0556 

3.6907 

1.2212 

1.556557 

1.356550 

7 

Lr)-io 


ZOO 

100 

0 


I  Lkl-MaCl-HiO 


1  ^  3 

A^oie  %DOi 

Fig.  3 


System  MgCls  -  KCl  -  H2O 


Table  5 

Origipal  Solutions 


Name 

Concentration 

4° 

(in  mole  ^  ) 

MgCla 

5.0085 

1.592116 

KCl 

5.0088 

1.559546  . 

Table '4 


Mixtures  of  MgClg  «uid  KCl  Solutions 


No.  of 
mixture 

Grams  of  original 
solution 

Mole  ^ 

^e^t . 

theoret 

An*  10* 

MgCla 

KCl 

MgCls 

KCl 

1 

5.4420 

16.5780 

0.8340 

4.1700 

1.565025 

1.565037 

-12 

2 

5.2940 

15 . l440 

1.2500 

5.7560. 

1.367877 

1.367834 

+43 

3 

7.0685 

15.4940 

1.6655 

3.3392 

1,370662 

1.570610 

+52 

4 

8.5825 

11.4595 

2.0850 

2.9210 

1.57541*7 

1.373379 

+68- 

5 

10.4875 

10.2045 

2.4755 

2.5299 

1.376042 

1.375955 

+87 

6 

12.2675 

8.5265 

2.9219 

2.0827 

1.378941 

1.378866 

■^75 

7 

15.9270 

6.6085 

5.5596 

1.6651 

1.381650 

1.381570 

+60 

8 

15  .4966  • 

4.9165 

3.7537 

1.2509 

1.384267 

1.584223 

+44 

9 

17.5120 

3.2930 

4.1710 

0.8354 

1.586870 

1.386879 

-  9 

System  SrBr2  HE^Br  H2O 


Fig.  4 


Table  5 

Original  Solutions  ’ 


Name 

Concentration 
(in  mole  ‘Jo) 

SrBra 

NILiBr 

4.5055  , 

4.5098. 

I. 411720 
1.365556 

Table  6 

Mlxtiires  of  SrBrs  and  KE^Br  Solutioaa 


expt .  t-heor  et . 


An*10® 


No.  of 
mixtiire 


Grasis  of  original 
solution 


Mole  ^ 


BaCls 

KCl 

BaClfx 

-  KCl 

4.3440 

14.8240 

0.499 

1  -;U995 

5.5970 

14.5010 

0.618 

1.874 

7.55^0 

12.9190 

0.831 

1.662 

9.0495 

11.5860 

0.998 

10.0330 

i0.8l40 

1.103 

.  1.390 

11.3960 

9.7400 

1.247 

1.246 

12.5590 

5.3315 

1.394 

1.099 

15 . 2185 

6.5365' 

1.660 

0.834 

17.6120 

4.9750 

1 1.875 

0.620 

17.9420 

5.5650 

2.046 

0.448 

expt .  theor et , 


An* 10® 


1.3605124 

1.361240 

1.562502 

1.363456 

1.364046 

1.564867 

1.565770 

1.367310 

1.568527 

1.369462 


1.360703 

1.361435 

1.362766 

1.563771^ 

1.364594 

1.365234 

1.366075 

1.367^56 

1.368719 

1.369625 


The  maximua  is  situated  at  the  ratio’  BaCi2:XCl  =  1,  and  consequently the 
coiiipound  forned  may  be  expressed  by  the  formula  [BaClaJK. 

In  the  system  SrBra  “  KiUBr  -  H2O  (Tables  5  and  6,  ?ig.  6)  the  deviation 
of  the  values  of  the  refractive  index  from  additivity  is  Ydrj  great,  reaching 
2  units  in  the  third  decimal  place.  The  maxJLpiun  Is  situated  at  the  ratio  SrDr2; 
NR^Br  =  1,  peraitting  us  to  ascribe  to  the  compound  of  higher  order  formed  the 
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formula :  [  SrBra  ]  M4 . 

The  great  convexity  of 
the  maximum  indicates  that 
the  compound  formed  must 
be  fairly  stable. 


1.  Using  the  physico-chemical  method  of  analysis  of  measurements  of  the 
refractive  Index^  a  study  has  been  made  of  the  systems: 

1)  LlCl  -  NaCl  -  H2O, 

2)  MgCl2  ~  KCl  -  H2O, 

'j)  SrBr2  —  HEfcBr  —  H2O, 

4)’  BaCl2  -  KCl  -  H2O. 

2.  Investigation  has  shown  the  possibility  of  determining  the  formation 

in  the  systems  studied  of  compounds  of  higher  order  by  means  of  a  significant  maxi¬ 
mum  (or  minimum)  on  the  curve  expressing  the  deviation  of  the  values  of  the  re¬ 
fractive  index  of  the  mixtures  from  additivity. 

5.  In  these  systems  the  formation  of  compounds  of  higher  order  has  been 
found,  with  compositions:  [MgCloJK,  [SrBralUH*  and  [BaClslK. 
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THE  DIFFERENTIATING  EFFECTS  OF  SOLVENTS 
ON  THE  STRENGTH  OF  ACIDS 


V.  SEPAR.\TE  POTENTIOMETRIC  TITRATION  OF  MIXTURES  OF  ACIDS  IN 
ANHYDROUS  ACETIC  ACID 

A. ;  M.  Shkodin  and  N.  A.  .  Izmailov 

Institute  of  Cbenlstry  of  Kbarkor  State  UnlTersity 

In  our  previous  investigations  [i-s]  we  showed  that  organic  solvents, 
especially  ketones,  had  a  large  differentiating  effect  on  the  strength  of  acids  of 
different  natures.  We  showed,  for  example,  that  in  acetone,  the  pK  of  hydro¬ 
gen  chloride  equalled  2.57,  of  beiizoic  acid  9-70  (in  water  ^.20),  of  acetic  acid 
10.27,  etc.  In  mixtures  of  mineral  acids  with  carboxylic  acids,  ketones  Increased 
the  exponent  of  the  ratio  between  their  dissociation  constants  by  4  to  U.5  units. 

We  mtide  use  of  this  circumstance  to  extend  the  possibilities  of  alkalimetric  and 
acidlmetric  titration. 

The  use  of  acetone  and  acetone  jnixtures  permits  us  to  carry  out  a  separate 
potentioiiietric  titration  of  a  mixture  of  acids  which  in  water  are  so  close  to  the 
same  strength  that  their  separate  titration  in  aqueous  solution  is  impossible. 

Both  for  purposes  of  titration  and  for  an  understanding  of  the  acid-base  relation¬ 
ship,  anhydrous  acetic  acid  was  of  Interest. 

Acetic  acid  is  an  acid  solvent  whose  ionic  product,  according  to  Kolthoff’s 
[e]  measurements,  equals  2.5*10“t3,  according  to  Kilpl's  [iv]  data  equals  5*5’10~^^ 
The  dielectric  constant  of  acetic  acid  is  very  low  (equal  to  6).  Acetic  acid  has 
chiefly  donor  properties,  but  with  respect  to  perchloric  acid,  it  becomes  a  proton 
acceptor  L'^].  As  a  solvent,  anhydrous  acetic  acid  has  been  used  in  a  number  of 
investigations  to  study  the  strengths  of  acids  and  bases  [a-ia].  It  has  been  found 
that  acetic  acid  has  a  differentiating  action.  For  example,  mineral  acids,  of 
uniform  strength  in  water,  are  arranged  in  acetic  acid  in  the  following  order: 

HCIO4  >  H2SO4  >  HCl  >  HNO3, 

which  indicates  the  great  strength  of  perchloric  acid,  while  nitric  acid  is  re¬ 
vealed  as  very  weak. 

In  acetic  acid,  aainobenzolc  acid  is  titrated  like  a  base  [it].  Amino 
acids  ore  also  titrated,  as  the  bases  of  perchloric  and  sul.furlc  acids  [10],  for 
under  the  influence  of  the  acetic  acid,  not  only  is  the  dissociation  of  the  basic 
groups  in  the  amino  acids  increased,  but  the  dissociation  of  the  acid  groups  [le] 
is  lowered.  The  basic  groups  of  gelatin  have  a  dissociation  constant  in  water  of 
the  order  of  10~^^,  while  in  acetic  acid  these  basic  groups  of  gelatin  can  be 
titrated  like  strong  bases, [20] , 

From  the  data  of  Hall  and  Werner  [9],  Hantzsche  and  Langbein  [13]  were 
able  to  suggest  that  the  differentiating  effect  of  anhydrous  acetic  acid  was 
sufficiently  great  to  permit  separate  titration  of  mixtures  of  mineral  acids 
that  are  strong  in  water.'  The  purpose  of  the  present  investigation  was  to  throw 
light  on  this  possibility  and  to  make  a  quantitative  determination  of  the  dif¬ 
ferentiating  effect  of  the  acetic  acid. 

EXPERIMENTAL 

Anhydrous  acetic  acid  was  prepared  from  commercial  glacial  acetic  acid, 
which  was  carefully  fractionated  over  potassium  permanganate}  the  117.5-118“ 


fraction  was  then  frozen  three  times  and  again  fractionated  over  potassium  per¬ 
manganate  under  conditions  which  prevented  the 'moisture  of  the  air  from  entering. 
The  absence  of  water  was  confirmed  by  a  determination  of  the  melting  point. 

The  acetic  acid  thus  prepared  was  used  as  a  solvent  for  the  preparation 
of  solutions  of  perchloric,  hy'irochloric,  sulfuric,  nitric,  toluenesulfonlc,  and 
trichloracetic  acids.  A  0.01  TI  solution  of  each  of  these  acids  was  prepared  by 
the  addition  of  the  proper  weight  of  chemically  pure  acid.  Water,  introduced 
with  the  acids,  was  combined  with  acetic  anhydride.  Within  the  limits  of  accuracy 
of  analysis,  there  may  have  been  a  very' small  excess  of  acetic  anhydride  (+0.02^). 
10  ml  of  the  solution  of  acid  or  a  mixture  of  acids  was  taken  for  titration. 


As  a  base  for  the  titration,  we  used  pyridine  and  dimethyl  aniline,  which 
behave  as  strong  bases  in  acetic  acid.  0.05  N  solutions  in  anhydrous  acetic 
acid  were  prepared  by  adding  the  proper  amounts  of  the  freshly  distilled  bases. 


The  titration  was  carried  out  potent iometrlc ally,  by  means  of  an  Izmailov 
[21]  lamp  potentiometer.  The  electrochemical  cell  consisted  of  the  following 
chain; 
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In  the  case  of  the  acetic  acid  titration,  a  chloranil  electrode  was  used  Instead 
of  the  qulnhydrone,  in  accordance  with  the  proposal  of  Conant  and  Hall  [s],  as' 
the  quinhydrone  is  oxidized  in  an  apetic  acid  solution  of  nitric  acid.  In  all 
the  other  cases,  the  quinhydrone  electrode  served  excellentlyj  its  potential  was 
quickly  determined,  and  after,  a  lapse  of  5  ‘to  4  minutes  the  potential  had  changed 
only  a  tenth  of  a  millivolt. 

In  Fig.  1  there  is  a  sketch  of  the  titration  vessel.  Isolation  from  the 
moisture  of  the  air  was  maintained  by  enclosing  the  compound  under  a  rubber  stop¬ 
per  and  using  an  electrode  with  a  mercury  seal.  The  platinum  electrode  also 
served  as  a  stirrer.  The  surface  of  the  electroae  covered  3  cm^.  The  left  part 
of  the  siphon  vas  filled  with  a  saturated  solution  of  LiCl  in  acetic  acid,  con¬ 
tact  being  made  across  a  thin  section.  The  right  half  of  the  siphon  was  filled- 
with  a  saturated  aqueous  solution  of  KCl  in  agar-agar  in  order  to  diminish  the 
resistance. 

The  titration  was  carried  out  at  room  temperature,  which  over  a  long 
period  varied  from  18  to  20® . 

In  studying  the  electrolytes  In  acetic  acid,  as  the  solvent  had  a  low 
dielectric  constant,  it  was  necessary  to  consider  the  influence  of  the  salt  ef¬ 
fect.  In  order  to  eliminate  this,  we  Introduced  into  the  solution  of  acid  being 
titrated  a  0.01  N  solution  of  lithium  chloride. 

In  this  way,  solutions  of  HCIO4,  HCl,  H2SO4,  HNO3,  CClaCOOH  and  01130634 • 
SO3H  were  titrated.  During  the  titrations  we  observed  an  interesting  phenomenon, 
of  which  we  shall  speak  below,  in  considering  the  results.  Here  we  shall  only 
Indicate  the  fact  that  trichloracetic  acid  could  not  be  titrated  in  anhydrous 
acetic  acid.  In  the  titration  of  perchloric  acid,  we  sometimes  found  two  points 
of  inflection  on  the  titration  curve  (Fig.  2), 

Tlie  titration  of  mixtures  of  these  acids  is  of  great  interest.  The  results 
given  below  are  a  solution  to  an  extremely  difficult  analytical  problem,  and 
clearly  confirm  the  fact  that  an  evaluation  of  the  strength  of  an  electrolyte 
according  to  its  behavior  in  water  is  misleading.  The  strength  of  an  electrolyte 
Is  determined  by  the  solvent. 
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Fig.  1.  Titration  Vessel. 
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Fig.  2.  Curve  of  titration 
of  perchloric  acid  with  di¬ 
methyl  aniline,  Chloranll 
electrode. 


Fig.  5*  Titration  of  mixtures  of 
perchloric  and  hydrochloric  acids 
with  pyridine. 


Fig.  4.  Titration  of  mixtures  of- 
per chloric  and  sulfuric  acids 
with  pyridine. 
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For  the  titration  of  acid  mlxt’orea,  5  ml  of  a  solution  of  each  acid  vas 
taken,  and  the  mixture  was  titrated  in  the  manner  described  above.  Mixtures  of  • 
HCIO4  and  H2SO4,  HCIO4  and  HCl,  HCl  and  CCI3COOH,  and  HfTOs  and  CH3CeH4*S03H  were 
titrated.  The  last  pair  was  titrated  with  a  chloranil  electrode,  all  the  others 
with  a  quinhydrone  electrode.  Results  of  the  titration  of  mixtures  are  givea  In 
Figs.  5,  k,  and  5.  They  completely  confirm  our  belief  that  anhydrous  acetic  acid 
differentiates  sufficiently  between  the  strengths  of  acids  to  permit  the  separate 
titration  of  acids  which  in  water,  alcohol,  and  even  in  a  differentiating  solvent 
like  acetone  can  not  be  titrated  separately. 

As  was  indicated  above,  trichlor¬ 
acetic  acid  could  not  be  titrated  in 
acetic  acid.  Neither  could  it  be  ti¬ 
trated  in  mixtures  with  mineral  acids, 
but  in  this  case,  the  separate  amounts 
of  both  trichloracetic  and  mineral 
acid  could  be  determined  by  a  double 
titration:  titration  of  the  mixture  in 
aqueous  solution  gives  the  total  acid¬ 
ity,  titration  ’in  acetic  acid  the 
amount  of  mineral  acid. 
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Evaluation  of  Results 

In  the  titration  of  sulfuric  acid 
with  pyridine,  in  the  case  where  there  was 
a  possible  excess  of  acetic  anhydride, 
sulfuric  acid  behaved  like  a  mono-mono- 
valent  electrolyte.  The  Jump  in  potential 
on  approaching  the  equivalent  point  was 
fairly  ggreat.  This  speaks  for  the  great 
styengttf  of  this  acid  in  anhydrous  acetic 
acid. 

This  Interesting  phenomenon  has  been 
observed  by  other  investigators.  Russell 
and  Cameron  [le]  shoved  that  with  aniline 
guanidine,  and  diethyl -o-toluidine,  siilfuric  acid  is  titrated  as  dibasic,  while 
with  sodium  acetate  it  is  incompletely  titrated.  The  authors  assume  that  in 
the  presence  of  an  excess  of  acetic  anhydride,  there  is  the  formation  of  ,a  pro¬ 
duct  from  it  and  the  sulfuric  acid  —  a  mixed  anhydride  of  sulfuric  and  acetic 
acids.  This  compound  has  \iltra  acid  properties.  Hutchison  and  Chandlee  [22] 
consider  sulfiurlc  acid  in  acetic  acid  solution  as  a  mono -monovalent  electrolyte. 
Hall  and  Yoge  [23],  from  the  results  of  meaEurements  on  the  electrical  conduc¬ 
tivity  of  sulfuric  acid,  find  that  in  acetic  acid  it  behaves  like  a  weak  mono¬ 
basic  acid  with  pK  =  8.2. 

Similar  anomalies  have  been  observed  with  other  acids  than  sulfuric.. 
Russell  and  Cameron  have  suggested  that  in  the  case  of  an  excess  of  acetic .anhyd¬ 
ride,  there  are  two  forms  of  perchloric  acid  present;  their  reason  is  that  the 
titration  curve  of  perchlo.rlQ  acid  in  their  experiments  lias  two  points  of  in¬ 
flection.  It  has  been  indlcp.ted  above  that  in  certain  cases,  this  phencmenon 
was  also  observed  in  our  experiments.  In  addition,  in  one  case  we  observed  two 
points  of  inflection  for  the  hydrochloric  acid  titratlnn  curve  as  well. 

According  to  Usanovich  [24],  acetic  anhydride- is  an  amphoteric  compound; 
therefore  it  is  very  probable  that  it  does, have  ail  influence.  But  the  question 
cannot  be  decided  on  the  basis  of  existing  experimental  data,  as  various  invest- 


Fig.  5»  Titration  of  mixtures  • 
of  toluene sulfonic  and  nitric  . 
acids  with  dimethyl  aniline. 
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Igators  have  prepared  solutions  In  different  ways,  and  In  almost  all  Instances 
have  not  excluded  the  possihlllty  of  an  excess  (i)  of  acetic  anhydride.  To  decide 
this  question,  ve  Intend  to  undertake  a  special  Investigation}  In  addition,  the 
nature  of  electrolytes  In  acetic  acid  will  be  determined  under  the  Influence  of 
the  solvent  itself,  of  the  anhydride,  and  possibly  of  the  character  of  the  base 
used  for  titration,  and  finally,  we  shall  take  account  vln  all  this  of  the  salt 
effect. 

It  is  of  Interest  to  esttcaate  the  strength  of  the  differentiating  effect 
of  anhydrous  acetic  acid.  The  fact  that  It  was  possible,  in  acetic  acid,  to 
carry  out  separate  titrations  of  mixtures  of  acids,  testifies  to  the  fact  that 
HCIO4  behaves  like  a  strong  acid,  H23O4,  HCl,  end  HNO3  like  weak  acids.  After  per¬ 
chloric  acid  comes  toluene sulfonic  acid,  as  this  acid  can  be  titrated  separately 
in  mixtures  with  nitric  acid,  but  sulfuric  and  hydrochloric  acids  cannot  be.  On 
the  other  hand,  nitric  acid  cannot  be  titrated  In  the  presence  of  sulfuric  and 
hydrochloric  acids.  On  this  basis,  we  can  draw  up  the  following  series: 

HCIO4  »  CII3CqH4*SQ3H  >  H2SO4  >  HCl  >  HNO3, 

agreeing  with  the  series  of  Hantzsche  and  Langbein,  which  was  obtained  from  data 
on  electrical  conductivity. 

From  the  titration  curves  of  the  acid  mixtures,  we  have  made  a  quantitative 
estimate  of  the  differentiating  effect  of  acetic  acid  with  regard  to  the  quantity 

1^,  l.e.,  with  regard  to  the  Jump  in  potential  on  approaching- the  equivalent 

point,  which  Is  characterized  by  the  ratio  of  dissociation  constants  of  the  acids 
[2].  It  has  been  shown  that  the  ratio  of  the  dissociation  constants  of  perchloric 
and  sulfuric  acids  amounts  to  4,5  units  in  the  exponent,  and  of  perchloric  and 
hydrochloric  to  6.2,  l.e.,  perchloric  acid  is  more  than  10,000  times  stronger  than 
sulfuric  acid  and  more  than  1,000,000  times  stronger  than  hydrochloric  acid.  Con¬ 
sequently,  the  ratios  of  dissociation  constants  completely  confirm  the  conditions 
for  accurate  separate  titration  [25]. 

One  of  us  [27]^  on  the  basis  of  the  data  of  Eantzche  and  Langbein,  Kolthdff, 
and  Wlllman  on  the  electrical  conductivity  of  acetic  acid  solutions  of  mineral 
acids,  has  calculated  -their  dissociation  constants.  The  values  obtained  are  given 
in  a  table  (Column  2).  They  confirm  the  series  of  acids  given  above.  But  -the 
ratios  of  dissociation  constants  calculated  from  electrical  conductivity  data  are 
less  than  the  ratios  of  the  constants  from  potent lometric  titrations.  The  fact 
that  in  acetic  acid  it  is  possible  to  titrate  mixtures  of  mineral  acids  separately 
testifies  to  a  greater  differentiating  effect  of  acetic  acid  than  does  the  ratio  of 
the  constants  calculated  from  electrical  conductivity  data. 

It  is  not  without  Interest  to  con¬ 
sider  several  peculiarities  of  the  differ-  Dissociation  constants  of  acidp 

entiatlng  effect  of  acetic  acid  as  an  acetic  acid  in  in  liquid  am- 

acid  solvent,  and  to  compare  it  with  the  monia  [27] 

influence  of  liquid  ammonia  on  acids  and  '  '  "  ~~ 

bases,  for  the  latter  is  a  solvent  with  Acid _ CHaCOOH  ftHa 

clearly  expressed  basic  properties  [2d].  ^  po  007  ' 

The  first  peculiarity  of  acetic  acid  con-  ^  U4....  p.ou 

slsts  in  the  fact  that  the  number  of  com-  cA* *  *  *  *  fl  oo  ^ 

pounds  exhibiting  acid  properties  In  it  ^^-^'*’***  A  Pc  cTav 

is  much  less  than  In  water.  Even  nitric  .  o  ?a  n  ^7 

acid  shows  only  weakly  acid  properties  in  A 

aniiydrous  acetic  acid  solution;  it  can  be  CCI3COOH.  11.40 

titrated  separately  In  mixtures  with 


Acid 

^^CHaCOOH 

HCIO4 .... 

5.80 

2.27 
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0.62 

H:'>S04  .  •  •  • 

8.20 
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8.85 

0.87 

HKO3 . 

9.58 

0.37 

CCI3COOH. 

11.46 

toluene -Bulfonlc  acid^  and  shovs  a  trifling  catalytic  effect  [is]}  trichloracetic 
acid  too,  which  Is  very  strong  In  water,  is  so  weetlc  In  acetic  acid  that  It  cannot 
he  titrated  as  an  acid.  The  dissociation  of  the  acid  groups  in  anino  acids  de¬ 
creases  to  such  an  extent  that  amino  acids  in  acetic  acid  csin  he  titrated  as  bases, 
l.e.,  they  do  not  exhibit  acid  properties.  By  analogy,  the  number  of  bases  In 
liquid  ammonia  cannot  be  great  [20] • 

The  second  peculiarity  consists  in  the  fact  that  acetic  acid  sharply  dif¬ 
ferentiates  the  strength  of  acids,  weakening  them  considerably,  while  liquid 
ammonia  has  a  leveling  effect,  increasing  the  strength  of  weak  acids.  Prussic 
acid,  ^Ich  Is  very  weak  in  water,  develops  the  properties  of  a  strong  acid  in 
liquid  otsmonla. 

The  opposite  phenomenon  can  be  observed  with  regard  to  bases.  The  number 
of  bases  grows  in  acetic  acid,  and  their  strength  increases.  The  number  of  bases 
in  ammonia,  as  already  indicated,  is  small. 

Both  acetic  acid  and  liquid  aremonLla  have  low  dielectric  constants.  There¬ 
fore  the  reciprocal  electrostatic  effects  of  ions  in  both  solvents  are  greater  than 
in  water.  But  the  protolytlc  properties  of  these  solvents  are  of  an  opposite 
nature.  Acetic  acid  is  a  proton  donor,  while  liquid  a^oaonla  is  a  solvent  with 
definite  acceptor  properties.  Therefore,  the  difference  in  the  influence  of  these 
two  solvents  on  the  strength  of  acids  is  related  to  the  difference  in  protolytlc 
properties. 

SUMMARY 

% 

1.  Anhydrous  acetic  acid  has  a  differentiating  effect  on  acids  which  ore; 
strong  in  water.  This  property  of  acetic  acid  is  great  enough  to  permit  the 
separate  titration  of  mixtures  of  the  following  acids;  HCIO4  +  £[2804,  HCIO4  +  HCl, 
CR3CeH4*S03H  +  HNO3 . 

2.  The  strength  of  acids  is'  decreased  in  anhydrous  acetic  acid.  The  ti¬ 
tration  curves  show  that  perchloric  acid  is  the  strongest)  it  is  more  than  10,000 
times  stronger  than  sulfuric  acid  and  vmore  than  1,000,000  times  stronger  than 
hydrochloric.  Dissociation  constants  of  the  mineral  acids  in  acetic  acid  have 
been  calculated  from  electrical  conductivity  data, 

5.  It  is  shown  that  a  number  of  e.ncoaalies  In  the  titration  of  anhydrous 
acetic  acid  are  related  to  the  possibility  of  the  presence  of  acetic  anhydride, 
and  to  the  nature  of  the  base  used  for  titration.  These  anomalies  are  being  in¬ 
vestigated. 
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THE  CHEMICAL  STABILITY  OP  FELDSPARS  IN  ACID  SOLUTIONS 


S.  K.  Dubrovo 

Institute  of  Silicate  Cbculstry  of  the  Acadeny  of  Solencea  of  the  USSR 

The  behavior  of  feldspars  in  solutions  of  acid  .is  of  great  interest  from 
various  points  of  view.  It  is  the  feldspars  in  particular,  under  the  action  of 
humic  acid,  which  to  soil  scientists  broadly  represent  the  decomposition  of  alumino¬ 
silicates.  The  decomposition  of  mineral  rocks  under  the  influenceof  biological 
processes  which  take  place  upon  their  surfaces  is  regarded  by  many  Investigators  a 
as  due  to  the  elimination  of  organic  acids  by  plants.  The  film  formed  on  the  min¬ 
eral  neogenically  regulates  the  further  course  of  decomposition  and  acts  to  provide 
a  source  of  nutrients  for  the  plant.  On  the  other  hand,  the  study  of  the  chemical 
stability  of  feldspars  in  mineral  acids  is  of  interest  because  of  its  possible 
application  in  the  ceramic  Industry  (Einalysis  of  raw  materials,  stability  of 
of  products).  And  finaHj”,  the  behavior  of  aluminosilicates  in  solutions  of  acids 
characterizes  their  structure,  the  stability  of  their  skeleton. 

The  methods  of  investigation  of  the  chemical  stability  of  feldspars  used 
by  various  authors  are  very  similar.  They  usually  include  crushing  the  sample  to 
a  powder  of  a  definite  mesh,  treatment  with  the  appropriate  reagents,  and  an  anal¬ 
ysis  of  the  filtrate. 

In  all  this,  the  various  investigators  have  varied  the  temperature  of  treat¬ 
ment,  the  time,  and  the  pressure.  The  powder  methods  have  the  fault  that  the  cal¬ 
culated  values  of  the  surface  which  undergoes  decomposition  can  be  determined 
only  very  approximately.  This  circumstance  makes  it  difficult  to  compare  the  re¬ 
sults  of  different  investigators.  In  addition,  the  powder  method  gives  no  idea 
of  the  neogenic  influence  on  the  course  of  decomposition  of  the  mineral. 

The  question  as  to  whether  the  films  formed  on  crystalline  aluminosili¬ 
cates  are  factors  regulating  the  velocity  of  their  decomposition  in  the  reaction 
with  solutions  has  hardly  been  touched  in  the  literature. 

As  is  well  known,  I. V. Grebenshchikov  and  his  ccworkers  long  ago  found  that 
films  of  silica  were  foimed  on  silicate  glasses  as  a  result  of  treatment  with 
solutions  of  acid,  and  he  developed  methods  of  determining  the  thickness  of  these 
films  [i].  Later,  Correns  suggested  that  aluminosilicate  films  were  formed  in 
the  reaction  of  adularla  and  leucite  with  solutions  of  different  pH  [2].  However, 
he  calculated  the  thicknesses  of  these  films  indirectly  by  determining  the  amount 
of  oxides  that  had  gone  into  solution.  He  was  unable  to  determine  the  change  in  t 
the  aluminosilicates  treated  either  by  roentgenographlc  or  optical  methods. 

The  aim  of  the  present  Investigation  was  to  study  the  initial  stages  in  de¬ 
composition  of  natural  albite,  plagioclase-ollgoclase,  and  microcline  under  the 
action  of  acid  solutions. 

In  this  work,  we  utilized  essentially  the  method  developed  in  the  labora¬ 
tory  of  I.V. Grebenshchikov  for  determining  the  thickness  of  surface  films  on 
glasses,  by  means  of  a  measurement  of  the  elliptic  polarization  of  reflected 
light  [a]? 

Reflection  from  the  surface  of  a  glass  that  is  not  freshly  polished  changes 


plane  polarized  into  elllptically  polarized  light.  According  to  Crude's  theory, 
this  phenomenon  is  due  to  the  presence  upon  the  surface  of  a  layer  with  a  differ¬ 
ent  refractive  index. 

As  the  investigations  of  N.F. Timofeyeva  [a]  have  shown.  Crude  and  Gross- 
ruller's  formula  for  the  calculation  of  the  optical  thickness  of  the  films  applies 
lor  thin  films  up  to  0.1  wave  length. 

As  the  feldspars  ve  investigated  were  very  stable  and  their  decomposition 
under  the  conditions  we  used  took  place  very  slowly,  the  calculation  of  the  optical 
thlcknpss  of  the  surface  films  could  be  satisfactorily  carried  out  by  Crude's 
fdr«*lG: 

d  ■ _ o _  n  1 

^  ^  /n2  +  1  a  -  1  ' 

where  d  is  the  optical  thickness  of  the  fllmj  X  is  the  wave  length  of  the  light 
from  the  source  used,  equal  for  the  green  line  of  mercury  to  Aj  P  is  the 

coefficient  of  elllpticlty  equal  to  tan  tp  ;  (p  is  the  angle  of  elliptlcityj  n  is 
the  index  of  refraction. 

The  optical  thicknesses  of  the  films  determined  from  this  formula  are 
proportional  to  the  depth  of  decomposition.  The  measurement  was  carried  out  with 
a  polarization  spectrometer,  described  in  detail  in  the  above-cited  work  of  N.F. 
Trlmofeyeva. 
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The  chemical  composition  of  the  feldspars  investigated  is  given  in  Table 


TABU!  1  • 


Name  of  feldspar 

Coroposltlon 

(in  weight 

UzO 

1 

K2O 

CaO 

MgO 

AlsCb 

Si02 

total 

Albite . 

10.75 

— 

0.25 

0.11 

20.52 

68.07 

99'.87 

Crystalline  oligoclase 

10.25 

3.10 

— 

22.72 

64.08 

100.15 

Vitreous  oligoclase.... 

10.61 

2.64 

—  ■  • 

22.20 

64.68 

100.13 

Crystalline  mlcrocline 

W.55 1 

10.35 

0.19 

0.20 

19.27 

64.88 

99.74 

Vitreous  mlcrocline.... 

4.26 

11.76 

0.30 

0.09 

19.20 

64.04 

99.65 

From  these  anaJLyses  we  calculated  the  mineralogical  composition  of  the 
minerals  in  the  following  manner.  All.  the  CaO  was  calculated  as  andrthlte,  the 
K2O  as  potash  feldspar. 


After  subtracting  the  amount  of  cocarthite  and  potash  feldspar,  the  SIO2 
in  the  residue  was  calculated  as  olbite.  In  the  mineral  of  the  seme  name,  olbite 
was  calculated  from  the  NasO  content. 


The  resulting  cojirposition  of  the  minerals  investigated  is  given  in  Table  2. 


TABLE  2 


Name  of  loineral 

Anorthite 

,  ,  g . . 

Potash  feldspar  , 
weight  ^ 

Albite 

mS102“"  nAl2Q3 

Albite 

1 

1.04 

90.86 

T.69 

Mlcrocline 

0.95 

‘64.10 

55.47 

- 

Orthoclase 

15.58  ; 

83.58 

*  Analyses  carried  out  by  K.  G.  Chernlsheva. 
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Thus,  mlrrollne  contains  an  admixture  of  almost  pure  alblte. 

Because  of  Its  anorthlte  content,  the  ollgoclase  was  considered  to  be 
plagioclase  No.  15 .  The  Index  of  refraction  of  such  a  plagloclase  should  be 
equal  to  1.5^^ •  An  experimental  measurement  gave  the  value  1.5^5» 

Our  measurements  gave  the  specific  gravities  of  both  ollgoclase  and 
microcllne  as  being  equal  to  2.60. . 

The  specimens  of  ollgoclase  and  mlcrocllne  were  cut  parallel  to  the  planes 
of  the  first  plnacold  to  give  a  parallelepiped  with  dimensions  20  x  20  x  10  mm. 

The  specimens  were  polished,  after  which  the  absence  of  films  was  checked  by 
measuring  their  elliptic  polarization.  The  usual  optical  thickness  of  the  films 
In  the  minerals  Investigated  before  treatment  did  not  exceed  20  As  the  alblte 

at  our  disposal  was  In  the  form  of  a  finely  crystalline  aggregate.  It  did  not 
appear  possible  to  section  It  parallel  to  any  determined  face  to  give  a  speclmeq. 

It  was  cut  arbitrarily.  The  samples  of  the  above -described  minerals  were  main¬ 
tained  in  the  proper  solutions  In  a  thermostat  at  40*  for ’different  lengths  of 
time.  Then  they  were  washed  with  warm  distilled  water  and  dried  one  hour  at  105®. 

After  this  treatment,  the  thickness  of  the  film  was  measured  on  different 
planes  of  the  specimen  by  the  method  described  above. 

With  the  purpose  of  Investigating  the  Influence  of  structure  upon  the 
chemical  stability  of  feldspars,  the  vitreous  forms  were  studied  along  with  the 
crystalline  specimens.  These  were  obtained  by  melting  the  mlcrocllne  aiid  ollgo¬ 
clase  described  above  in  a  Sillt  oven.  About  100  g  of  mineral  (an  unbroken 
lump)  was  placed’  in  a  fireclay  crucible  in  the  cold  oven,  which  was  heated  up 
to  1350"*  The  mass  was  kept  at  this  temperature  for  2  hours,  after  which  the 
oven  was  disconnected  and  the  crucible  slowly  allowed  to  cool.  The  crucible  was 
then  smashed,  and  the  mass  was  removed  for  inspection  of  the  feldspar  glass  from 
the  center,  which  was  not  in  contact  with  the  walls  of  the  crucible.  A  chemical 
analysis  was  carried  out  on  the  feldspar  glass  thus  obtained.  The  data  of  anal¬ 
ysis  are  given  in  Table  1.  The  index  of  refraction  for  the  vitreous  mlcrocllne 
was  1.491,  for  ollgoclase  I.512.  The  respective  specific  gravities  were  2.4l  and 
2.43.  A  comparison  of  the  chemical  stability  of  the  crystalline  and  vitreous 
feldspars  was  made  by  two  methods;  by  the  measurement  of  elliptic  polarization 
and  by  a  conductometric  method,  described  in  detail  in  the  work  of  A.G.Samartsev 
and  V.S. Molchanov  [4].  In  the  latter  test,  the  above  minerals  were  ground  to  a 
powder,  and  the  fraction  of  mesh  50  "to  JO  microns  was  removed.  The  screened 
powder  was  washed  free  of  turbidity  with  alcohol,  and  dried  over  calcined  copper 
sulfate. 

A  weighed  sample  of  the  mineral,  corresponding  to  1  cm?  of  powder,  was 
subjected  to  the  action  of  0.001  N  HCl  solution  at  25®.  The  specific  electrical 
conductivity  of  the  solution  was  determined  after  a  lapse  of  time.  The  depth  of  de 
composition  h  was  calculated  from  the  formula; 

h  (xq  -  xt)  V 

“  290  ea  p  ' 

where  Xo  and  xt  are  the  specific  electrical  conductivity  of  the  solution  at  the 
beginning  of  the  experiment  and  at  a  given  moment;  oc  =  ^  oxide _  specif! 

100-equlv.  weight 

gravity;  is  the  volume  of  liquid;  p  the  total  surface  of  the  powder. 

In  order  to  determine  which  particular  oxides  went  into  solution  in  this 
cose,  we  carried  out  a  qualitative  microchemical  analysis  of  the  liquid  after  the 
orreriment,  testing  for  sodium  ion,  AI2O3,  and  SlOs*  We  observed  only  the  sodium 
Ion  in  solution.  The  passage  of  CaO  into  the  solution  obviousi^y  took  place  (the 
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Boluilllty  of  anorthlte  In  acids  Is  generally  known) .  The  stability  of  the  alblte 
and  the  anorthlte,  as  we  shall  see  below,  is  of  the  same  order.  Therefore,  in 
calculating  the  value  of  ^  a,  we  took  into  account  only  a  Wa^O^  KgO,  and  CaO. 

As  in  this  method  the  determination  of  the  size  of  surface  of  the  powder 
is  not  very  accurate,  we  carried  out  parallel  experlirents  for  each  specimen. 

In  applying  the  method  of  elliptic  polarlzatJon,  the  chemical  stability 
of  the  specimens  was  tested  in  O.5  N  solutions  of  hydrochloric  and 'sulfuric '.acids; 
in  0.5^  acetic  acid  at  40*. 

The  results  are  given  in.  Table  5  and  in  Figs.  1  and  2.  Columns  5  6 

of  this  table  contain  the  values  of  the  angle  of  ellipticity  before  and  after  treat 
ment,  7  and  8  list  the  calculated  optical  thickness  of  the  surface  layer. 

The  data  on  the  chemical  stability  of  the  crystalline  and  vitreous  feld- 
speirs,  rueasured  conductometrically,  are  given  in  Table  5  in  Fig* 


f/mt  }fr  c3tnft 


Fig.  1.  Chemical  stability  of  oligoclase  and  alblte  in  O.5  N 
solutions  of  HCl  and  H2SO4  at  40* . 

l-ollgoclase,  face  [lOo]  in  HCL;  2-ollgocla3e,  faces  [olo]  and  [ool]  In  HCL. 
3-ollgoclfase.  face  [lOo]  In  HaSOv;  d-ollgoclase,  faces  [aic3  and  [oOl]  In  HzSC^i 


5-albite  In  HCL. 


Fig.  2.  Chemical  stability  of  crystalline  and  vitreous  oligoclase 
in  0,5N  solution  of  HCl  at  40* . 
l-ollgoclase,  ftce  [loc] ;  2-oligocl3se,  faces  [olo]  and  [ool] ; 

3-vltreous  ollsoclase. 

As  can  be  seen  from  Table  5  and  Fig.  1,  oligoclase  shows  a  tendency  to 
decompose  in  solutions  of  hydrochloric  and  sulfuric  acids. 

As  a  result  of  decomposition  on  the  surface  of  the  mineral,  an  alumino¬ 
silicate  film  is  formed  with  a  lower  index  of  refraction  than  that  of  the  mineral 
itself.  Tlie  velocity  of  growth  of  the  thickness  of  the  film  slows  down  in  the 
course  of  time,  as  a  result  of  the  protective  action  of  the  surface  layer,  which 
makes  it  more  dlfflc’ilt  for  the  reagent  to  penetrate  to  the  inner  layers  of  the 
mineral. 

The  different  faces  of  oligoclare  are  characterized  by  dlfferenc.es  in 
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Fig.  3*  Determination  of  the  chemical  stability 
of  feldspars  hy  a  conductometric  method. 

l-cry^talllne  ollgoclasa;  2- vitreous  ollgoclase;  3- crystalline  nlcrocllne;  4^- vitreous. ulcroclioe. 

chemical  Btahllity:  the  velocity  of  decomposition  is  maximal  parallel  to  the  first 
pluacold  [100].  Piirallel  to  the  planes  of  cleavage  (plnacold  [010]  and  [OOl])  de¬ 
composition  takes  place  more  slowly.  For  example,  after  25  days  in  the  0.5  H 
solution  of  HCl  at  40®,  the  optical  thickness  of  the  film  formed  on  plnacold  [100] 
is  280  A,  while  on  plnacold  [010]  it  is  1^9  A. 

The  curves  which  characterize  the  action  of  the  acid  solution  on  the  dif¬ 
ferent  faces  of  ollgoclase  have  a  similar  character.  Only,  in  the  case  of  face 
[100],  the  decomposition  curve  is  relatively  high. 

Decomposition  in  sulfuric  acid  takes  place  more  (juickly  than  in  hydro¬ 
chloric  at  the  seme  cone entrat ion j  at  the  same  time,  the  coi^Jaratlve  chemical 
stabilities  of  the  different  faces  remain  unchanged. 

The  phenomenen  described  above  is  in  our  opinion  the  result  of  the  follow¬ 
ing  circumstance. 

Feldspar,  as  is  known,  belongs  to  the  type  of  so-called  "bound**  structiares, 
which  are  characterized  by  the  presence  of  a  three-dimensional  framework  of  aliimin^ 
silicate  and  silicic  acid  tetrahedra  bound  to  each  other  in  the  form  of  qiaadruple  •  • 
and  octuple  rings. 

This  alumino-rtilicate  fracTewerk  Is  a  sort  of  giant  anion.  Cations  (alk¬ 
aline  and  alkaline  earth)  with  a  charge  equivalent  to  that  of  the  anion,  are  sit¬ 
uated  in  large  hollow  spaces  in  the  octuple  rln^.  [s]. 

In  the^proce^--of -treatcient  with  acid,  under  our  conditions,  the  skeleton 
renains  essentially  unchanged,  as  is  shown  by  microchemical  analysis  of  extracts. 

The  cations  are  leached  out.  The  penetration  of  the  reagent  to  the  cations  varies 
for  the  different  faces.  '  The  first  plnacold,  characterized  by  the  presence  of 
narrow,  hollow  spaces,  which  form  quadruple  rings,  offferB''^he  most  ftrvorable  con¬ 
dition  for  this.  Apparently,  it  also  is  ]?ossible  to  explain  in  this  manner  the 
great  velocity  of  decomposition  along  face  [100], 

Upon  melting,  the  feldspar  forms. a  disordered,  continuous,  network,  in 
which  the  hollows  of  the  quaternary  rings  (if  quaternary  rings  still  exist)  may 
ove.rlap,  and  the  leaching  out  of  the  cations  must  take  place  more  slowly. 

And  in  fact,  upon,  ccmparlson  of  the  chemical  stability  of  the  crystal¬ 
line  and  molten  ollgoclase  on  treatment  with  0.5  H  ECl  solution,  it  is  found  that 
the  decomposition  of  the  vireous  form  takes  place  more  slowly  than  that  of  the 
crystalline  pernllel  to  the  first  pinacoid  (Table  Fig.  2). 

In  the  case  where  the  che.nilcal  stability  was  measured  conductometrically, 
we  excluded  the  possibility  of  investigating  the  velocity  of  decomposition  along 
ihe  individual  faces. 


51 


\ 

TABUE  3 

Results  of  experiments  on  the  cheTolcal  Btnblllty  of  alhlte  and  orthocl&se  In 
acids  by  the  method  of  eHlptlc  polarization 


Name  of 

Name  of 

Qi 

of  treat- 

specimen 

acid 

a 

l-< 

Kent,  day? 

r 

1 

^  L 

.  .  . . . 

HCl  0.5  N 
solution 

>40“ 

< 

7 

11 

Alblte. . . .. . . 

12 

■22 

CH3COOH 

40" 

\ 

5 

0.5it 

1 

9 

oligoclase 

L 

r 

J 

16 

first  series; 

^  1 

2 

5 

.6 

7 

9 

pinacold 

HCl  0.5  H 

J 

(lOOJ 

solution 

12 

k 

r  1 

2 

pinacold 

[010]  and 

7 

[001] 

9 

12 

2h.d  series; 

J 

4  "5 

1 

pinacold 

[100] 

pCl  0.5  N 

■p" 

0 

0 

2 

1  5 

11 

ll6 

1  solution 

f 

r  1 

pinacold. 

JhCI  0.5  H 

4o" 

[OlO]  and 

1  solution 

S 

(0011 

1 

r- 

i 

1  1 

vitreous 

HCl  0.5  N 
]  solution 

4t)" 

4 

5. 

r  11 

- 

L 

olicoclase 

r 

V- 

r  0 

pinacold 

H2SO4  0.5 

0 

0 

,  6. 

[  16 

[100] 

[solution 

pinacold 

f 

f  2 

[ 010 ]  and 

H2SO4  0.5  h 

40" 

] 

6 

[001] 

1  solution 

[  16 

Optical  thickness  Ta) 


before 

treatment 

a-Tter 

treatment 

before 

treatment 

after 

treatment 

28* 

37 

12* 

10* 

16 

13 

— 

18* 

— 

24 

16 » 

4l* 

22 

54 

11* 

11* 

14 

l4 

— 

14* 

— 

19 

— 

20* 

— 

26 

— 

28* 

— 

.37 

13' 

1"  1* 

17 

79 

9* 

1"  40* 

12 

129 

13* 

2" 

17 

155 

20* ' 

1"  58* 

26 

151 

\  10* 

2-  5 

13 

159 

— 

2"  9* 

— 

168 

— 

2"  l4* 

173 

*— 

3*  17! 

— 

253 

— 

27* 

35 

-- 

29* 

— 

37 

0 

1"  26* 

0 

111 

20* 

1"  32* 

26 

118 

1"  21* 

— 

102 

— 

1".  16* 

— 

98 

— 

1"  20* 

102 

— 

2"  6* 

7- 

162 

8* 

34* 

10 

43 

3* 

49* 

6 

62 

15* 

1"  48* 

19 

139. 

30* 

2"  28* 

38 

19X 

23* 

2"  5* 

29 

162 

10* 

26* 

13 

33 

7‘ 

27* 

9 

35 

17* 

1* 

22 

77 

28* 

IV  1* 

56 

78 

30* 

1"  3* 

38 

80 

6* 

34* 

8 

46 

0 

26* 

0 

35 

V 

43 » 

9 

61 

0 

1"  24* 

0 

112 

— 

1"  19* 

— 

106 

— 

56* 

— 

72 

— 

2"  53* 

— 

222 

— 

3"  36* 

— 

280 

— 

32* 

— 

40 

— 

1"  21* 

— 

105 

— 

1"  57* 

— 

147 

i 


TABLE  5  (Contd.) 


Name  of 

Name  of 

.  .Temp- 

1 

Optical  thickness  (A) 

" before 

after 

before 

after 

specimen 

acid 

era- 

of  treat- 

treatment 

treat- 

treatment 

treatment 

ture 

ment,  days 

ment 

CH3COOH 

1 

23* 

30 

pinacold 

40* 

*5 

20* 

26 

[100] 

■'o.52t 

9 

— 

23' 

— 

30 

L  16 

— 

.  26' 

— 

34 

pinacold 

[lOpl 

rC2H204  N 

1  solution 

40® 

6 

15* 

20* 

30* 

55* 

19 

26 

38 

71 

However,  even  in  this  case,  the  decomposition  curve  of  the  vitreous 
specimen  is  lower  than  the  curve  of  the  crystalline  one  ^Table  Fig.  5)* 

Both  curves  are  similar,  and  show  the  slowing  down  of  the  decomposition 
with  time. 

It  is  of  Interest  to  note  that  in  an  investigation  of  the  chemical  sta¬ 
bility  of  olbite  toward  O.5  N  HCl  solution  by  the  method  of  elliptic  polarlzatlen, 
no  decomposition  was  observed  (Table  5/  Fig.  l).  Even  a  long  stay  in  the  acid 
solution,  for  22  days,  did  not  change  the  optical  thickness  of  the  film  in  com¬ 
parison  with  the  original.  During  the  same  period,  the  surface  of  the  ollgoclase 
described  above  formed  a  film  whose  optical  thickness  was  greater  than  200  A. 

From  this  it  would  seem  possible  to  draw  the  conclusion  that  only  the  anorthlte 
molecules  in  ollgoclase  are  decomposed,  as  several  investigators  have  suggested. 
However,  this  supposition  is  not  confirmed.  Analysis  of  the  hydrochloric  acid 
extract  of  the  ollgoclase  we  Investigated  showed  a  laurge  amount sodium,  while 
that  from  alblte  showed  negligible  traces.  These  facts,  apparett^y,  are  explained 
by  the  clrcinustance  that  ollgoclase  forms  a  series  of  solid  solutions  of  anorthlte- 
alblte,  which  have  a  single  crystalline  structure.  The  decomposition  of  the  ollgo- 
clase  will  be  distinct  both  from  the  extremely  stable  alblte,  as  well  as 

from  the  easily  decomposed  anorthlte. 

Table  4  gives  the  velocity  of  decomposition  of  ml  crocline  in  0.5  N  solution 
of  hydrochloric  acid,  as  determined  by  the  method  of  elliptic  polarization.  As 
can  be  seen  fi'cm  the  data  given,  microcllne,  like  alblte,  is  extremely  stable. 

Even  after  being  kept  in  the  solution  of  hydrochloric  acid  for  a  period  of  1^0 
days,  there  was  no  noticeable  formation  of  a  film. 

•We  must  observe  that  the  specimens  of  nlcrocline  changed  in  external  ap¬ 
pearance  upon  long  treatment.  During  this  change,  a  fine  threadlike  layer  was 
observed,  in  the  form  of  decomposed  material.  Appai^ently,  decomposition  took 
place  because  of  a  layer  of  plagioclase,  which,  according  to  the  figures  of  our 
analysis,  was  present  in  our  specimens  in  small  amounts.  In  this  regard,  the 
L-cthod  of  elliptic  polarization  was  extremely  valuable,  for  it  characterized  the 
chemical  stability  of  the  main  material,  and  was  not  affected  by  the  small  amounts 
of  impurity,  if  the  latter  were  present  in  the  form  of  separate  inclusions, 

A  ccnparioon  of  the  chemical  stability  of  vitreous  and  crystalline  micro- 
cline  by  means  of  the  conductometric  method  showed  the  latter  to  he  less  stable. 

The  decc!)^psoitlon  curve  of  the  crystalline  microcllne  lies  above  the  other  (Fig.  5) 
As  microcllne,  both  in  the  vitreous  and  in  the  crystalline  form,  produces  no  film 
on  the  surface  upon  treatment  with  O.5  N  HCl,  it  is  possible  that  the  change  in 
the  specific  electrical  conductivity  of  the  solution  by  the  conductometric  method 
i-s  essentially  dependent  upon  the  decomposition  of  the  plagioclase. 


TABLE  k 


Results  cf  experiments  on  the  chemical  stability  of  rolcrocline  in  acids  by  the 

method  of  elliptic  polarization 


Face  tested 

Acid 

1 

emp. 

< 

Duration 

9  ,  ' 

optical  thickness  (A) 

Df  treat-" 

before 

after 

before 

after 

r 

nent,  day£ 

treatment 

treatmeni . 

treatment 

treatment 

1 

2 

3 

4 

■3  ■ 

6 

6 

( 

1 

5* 

23’ 

7 

30 

2 

17* 

56' 

23 

48 

1 

3 

19* 

22' 

25 

29  • 

pinacoid 

HCl-  0.5  N 

5 

25‘ 

25’ 

3^ 

34 

[100] 

solution 

40" 

12 

28’ 

32' 

36 

40 

27 

20' 

26' 

26 

32 

54 

20* 

25’ 

26 

32 

90 

14' 

0 

18 

0 

l40 

26* 

52' 

33 

67 

r 

1 

20' 

32' 

26 

4l 

2 

19’ 

33’ 

24 

42 

HCl  0.5  N 
solution 

3 

341 

36' 

44 

48 

pinacoid 

1010] 

40" 

'  5 

12 

40' 

43’ 

491 

53 

58 

63 

27 

55' 

32' 

71 

4l 

90 

35* 

12* 

47 

16 

2 

- 

2* 

— 7 

3 

tiO" 

5 

1  -  2' 

30*  1 

— 

43 

Vitreous 

EHCl  0,5  N 

12 

-  5' 

55'  1 

- — 

79 

i 

solution 

25 

+  2* 

48* 

3 

70 

40 

0 

48* 

0 

70 

pinacoid[100] 

. 

2- 

5' 

16* 

7 

21 

[OlCj 

I12SO4  0.5  N 
•Solution 

2 

6' 

32' 

8 

4l 

[100] 

^0" 

6 

8' 

19’ 

10 

25 

[010] 

6 

18' 

20' 

24 

26 

[100] 

1 

16 

— 

14* 

— 

19 

[100] 

1 

90 

— 

54 1 

— 

44 

vitreous 

H2SO4  0.5  K 

solution 

'  40" 

16 

— 

49' 

T“ 

63 

pinacoid[  100] 

1 

1 

— 

38' 

T — 

47 

[100] 

i  CH3COOH 

5 

— 

26' 

— 

34 

[oia 

1-0.551 

40" 

5 

— 

47’ 

— 

65 

[100] 

1 

16 

— 

11' 

— 

14 

[010] 

1 

16 

— 

16' 

— 

21 

[100] 

1 

l  25 

— 

16' 

— 

21 

C2H2O4  1  N 

1  solution 

40" 

r  •  ® 

1  13 

0 

-1' 

30 ' 

1' 

38 

1 

As  i£ 

3  obvious  from  the 

1 

data  of  Tables  3  and  4  the  ac 

:T,ion  of  sue 

:h  organic 

acids  as  acetic  and  oxalic .on  feldspar  is  weaker  than  the  action  of  mineral  acids. 


Thus,  from  the  results  given,  it  follows  that  the  method  of  elliptic  polar 
ization  is  extremely  valuable  for  investigating  the  chemical  stability  of  feldspar 
to  acids.  By  means  of  it  we  can  observe  and  measure  the  surface  film  which  regu¬ 
lates  the  velocitv  cf  aecomposltion  of  the  mineral.  In  addition  we  can  determine 


'  TABLE  5 

Results  of  experiments  on  the  chemical  stability  of  feldspars  in  0.001  N  HCl 

solution  by  the  conductometric  method 


Name  of  specimen 


Depth  of  decomposition  (in  A)  after  time  (In  minutes] 
1  5  5  10  15  £0  ’  50  40  50  60  75  9< 


rryatalline  oligoclase  5^0  470  555  657  676  716  740  777  790  79O  802  820 

284  458  512  598  655  667  704  698  685  692  704  722 


173  225  242  251  276  298  558  5^2  382  406  429  457 

120  186  202  242  266  278  312  3^2  38O  342  365  3^5 

252  266  280  352  -  4 10  491  .510  530  500  563  563 

-  234  234  284  299  299  334  354  ^33^  310  334  334 

.  324  324  324  350  397  ^10  456  511  555  555  530  555 


vitreous  oligoclase 


.  crystalline 
microline  vitreous 

crystalline 
at  40* 


the  velocity  of  decomposition  in  relation  to  the  crystallographic  direction. 

The  above  Indicated  factors  do  not  hold  with  regard  to  the  use  of  the 
various  powder  methods. 

In  an  investigation  of  the  influence  upon  feldspar  of  reagents  which  act 
upon  the  aluminosilicate  skeleton,  we  may  expect  to  find  other  laws  which  influ¬ 
ence  the  course  of  the  decomposition. 

We  are  conducting  an  Investigation  in  this  direction, 
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POLAROERAPHip.  INVESTI](3ATIDN  OP  STYRENE 
IN  AN  ALCOHOLIC  SOLUTION  OP  TETRABUTYLAMMONIUM  IODIDE 

•A. .  G. ,  Stromberg  and  A.  G.  Pozdeyeva 
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of  Sciencea  of  the  USSR  and  the  Eastern  Bcientlf ic>rosearch  fuel  ebesistry 

Inetitote, .  STerdloTsk  region., 


HiTRODUCTION 

The  polardgraphlc  IjiYestlgation  of  styrene  la  of  great  theojcetifcal  and 
practical  interest. 

It  is  of '«theoretical  interest  because  the  poloro graphic  method  offers 
the  possibility  of  clearing  up  several  questions  concerning  the  mechanism  of  the 
reduction  of  styrene  at  the  mercury  dropping  electrode. 

Its  practical  Interest  lies  in  determining  what  possibility  there  Is  of  • 
devising  a  polarographic  method  for  the  rapid  and  accurate  determination-  of  styrene 
in  the  products  of  treated  coal. 

We  have  found  only  a  single  reference  [i]  in  the  literature  which  indicates 
the  possible  reduction  of  styrene  on  the  mercury  dropping  electrode.  The  potential 
of  a  half-wave  of  s.tyrene  equals  2.55  volts  (with  reference  to  a  sa^.  calomel 
electrode)  In  a  0.175  M  solution  of  tetrabutylammonium  iodide  In  75^  dloxane. 


EXPERIMENTAL 

In  this  research  we  set  out  to  find  a  more  suitable  and  less  difficultly 
available  solvent  for  styrene  and  to  conduct  a  detailed  polarcgraphlc  Investiga¬ 
tion.  of  the  styrene  wave  in  order  to  obtain  a  ccuplete  polarographic  characterlz- 
fttlon  of  this  wave,  as  ■well  as  to  shed  light  on  the  possibility  of  utilizing  this 
wave  for  the  quantitative  deteminatlon  of  styrene. 

The  polaro graphic  study  of  styrene  was  carried  out  in  parallel  in  two 
sets  of  apparatus:  with  a  visual  polaro  graph,  constructed  by  UEAIf  (Sverdlovsk)  and 
with  a  photopolarcgraph  constructed  by  Giredmet  (Odessa) . 

In  ali  the  experiments,  on  electrolyzer  with  an  internal  anode  was  used; 
this  -was. in  the  fom  of  a  scn-ll  vessel  8  to  9  cia  high,  diameter  10  to  12.iaia.  The 
volume  of  electrolyte  was  equal,  to  1.0  ml.  As  a  compaLrison  electrode  (anode) 
mercury  was  used-  at  the  bottom,  connected  wl'th  the  positive  pole  by  means  of  a 
platitium  wire  sealed  to  the  electrolyzer.  The  anode  po’tentlal  was  deterrJLned 
relat.lve  to  a  saturated  calomel  electrode  by  means  of  a  potentiometer.  To  measure 
the  diffusion  current  during  the  investigation  of  styrene,  the  salt  tetrabutyl- 
amaonlum  iodide  was  used  as  an  electrolyte  in  the  form  of  a  0.2  M  solution  in  75^ 
ethyl  alcohol.  As  our  experiments  sho'wed,  the  use  of  ethyl  alcohol  Instead  of 
dioxane  (which  had  been  used  in  the  work  of  Laltlnen  and  Wawzonek  [i])  permitted 
us  to  obtain  a  complete  record  of  the  styrene  wave.  From  the  practical  point  of 
view,  also,  ethyl  alcohol  has  the  gi*eat  advantage  over  dioxane  that  it  Is  much 
more  available.  As  a  solvent  for  styrene  we  used  a  water -alcohol  mixture  containing 
757’  v^y  volume)  of  the  ethyl  alcohol.  In  this  solvent  200  to  ^00  millimoles /liter 
of  styrene  dissolved  readily. 


5^-  5T 


The  concentration  of  styrene  In  the  experiments  vas  from  1  to  30  mmoles/l. 
Ho  oxygen  was  given  off  from  the  solution,  as  both  waves  of  ojqrgen  have  a  mjich 
greater  positive  half-wave  potential  (-0.1  and  -0.9  volts  with  reference  to  the 
sat.  cal.  elec.)  and  therefore  in  the  range  of  the  potentials  used  In  our  work 
(from  —  2.0  to  —  2.9  volts  with  ref.  to  sat.  cal.  elec.),  the  diffusion  current  of 
oxygen  will  have  a  certain  small  constant  value  and  will  not  affect  the  accuracy 
cf  the  measurement.  Nc  special  substances  with  surface-activity  were  added  to 
the  solution,  as  tetrabutylajJvmouiuT!  Iodide  Itself  has  surface-activity. 

Fig.  1  gives  the  residual  current 
of  the  solution  of  0.2  M  (C^Hg)  ^?!!  In 
alcohol.  Inasmuch  as  the  height  of  the 
styrene  wave  was  measured  at  potentials 
of  —  l-Y  and  —  2.1  volts  (with  respect  to 
the  mercury  on  the  bottom)  the  figures  ob¬ 
tained  show  that  tetrabutylaisaonlum  iodide 
is  a  very  good  electrolyte  for  the  pplarOf- 
graphic  study  of  styrene,  as  .in  this  in^ 
terval  of  the  change  In  potential  the  res¬ 
idual  current  la  small  and  amounts  to  O^k 
to  0.45  pA,  and  the  final  Increase  on  the 
polarogram  is  equal  to  -•  2*9  volts  (with 
ref.  to  sat.  cal.  elec.).  Styrene  was  ob¬ 
tained  in  the  laboratory  by  the  decarboxyJ,-  . 
at Ion  of  cinnamic  acid  [2]  and  had  the 
following  constants:  specific  gravity 
d^®  0.9070  and  refraction  nQ®  0.5395* 

Tetrahutylammonlum  Iodide  was  syn¬ 
thesized  hy  a  method  described  in  the  lit¬ 
erature  [1],  with  minor  changes,  by  one  of 
the  authors  of  this  article,  and  melted  at  l42* 
boint  as  l4l  to  142®). 

In  order  to  obtain  a  poloragraa,  an  initial  solution  of  styrene  was  pre¬ 
pared  in  75^  ethyl  alcohol,  usually  25O  tq  270m^ole8/i,  (this  corresponds  approx¬ 
imately  to  two  drops  of  styrene  in  1  ml  of  s'jlutlon). 

1  ml  of  a  solution  of  0.2  H  tetrah-utylormon lum  Iodide  in  75fj  alcohol  was 
placed  in  a  dry  electrolyzer  and  a  few  drops  cf  the  initial  solution  of  styrene 
then  added  to  it  (final  cone enlrat ion. frai  1  to  30  mm/l  of  styrene). 

Upon  measuring  the  solution  with  the  poleiV'-Cnsph,  an  excellent  picture 
of  the  styrene  wave  was  obtained  (Fig.  2), 

Po3.arQ.rraphic  Investigation  of  the  Styrene  VJave 

The  potential  of  the  half  wave  was  calculated  from  the  equation  of  the 
wave  given  by  the  relation  between  halfwave  potential  and  current  strength  at  any 
point  of  the  polarographlc  curve.  A  graph  of  the  equation  of  the  wave  in  coordi¬ 
nates  log  a  function  of  E  (jL  is  the  current  strength  at  potential  K; 

^  is  the  diffusion  current)  is  expressed  asa  straight  line  with  angular  coeffi¬ 
cient 

0.0396  . 

n 

Tlio  experimental  data  obtained  for  the  styrene  'wave  and  the  relationship 
as  a  function  of  ^  are  given  In  Table  1  and  in  Fig.  3* 


Fig.  1.  Polarqgram  of  0.2  M  - 
tetrabutylsaciioniuBi  iodide  in 
755^  ethyl  alcohol  (residual 
current, 

(literature  data  give,  the  melting 


t 

I  -  1 


'V 

:  «r 


!H  /.6  n  2.0  Zl  m 

(,  *o' 

fi  V^CC^  <.t 

Fig.  2,  Photopolarogran  of  a  styrene 
solution  in  a  solution  of  0.2  M  tet- 
rabutylammonium  iodide  in  75^»  ethyl 
alcohol. 


2.2o  .aji),  ,  i.HO  tiO  2J>t> 

fo4i*ih«i.U«im  Su-'*. 

CuX  •  tu*.  J  I 


Fig#  5-  PolarOgraa.  of  a  solution  of 
10  Jivjataole/l  of  styrene  in  0,2  M  tetra- 
hutyl  ammonium  iodide  in  75^  ethyl 
alcohol,  obtained  with  visual  polaro- 
graph  (current  strength  corrected  for 
resldiial  current). 


TABLE  1 


Cathode  potential  (in  Current 
volts  with  ref.  to  strent^l 
sat.  cal.  elec.)  u  A 


TABLE 


No.  of  Concentration  Concentration  of 
experiment  of  styrene  (C4Ea)4KJ  Jin  75^ 
(mole/l)  alcohol 


2.50  0.1  M 

5.00  0.1  M 

4.70  0.1  M 

7.03  0.2  M 


Cathode  potential 
(in  volts  with  ref. 
to  sat.  cal.  elec.) 

Current 

strength 

jxA 

-  2.34 

3.50 

-  2.36 

4.50 

-  2.38 

6.0 

~  2.42 

9.1 

-  2.44 

10.5 

-  2.46 

11.7 

-  2.48 

12.3 

Half-wave  potential  (volts) 


with  ref.  to  with  ref.  to 
mercury  on  I  sat.  cal.  elect, 
bottom 


-  2.50 

-  2.38 

-  2.38 

-  2.37 


From  Fig.  5b  It  is  clear  that  the  halfwave  potential  (with  ref.  to  sat. 
cal.  elect.)  equals  —  2.38  volts  (with  log  i  =0).  In  Table  2  are  given 

I  -  1 

the  data  on  polarographic  measurements  of  solutions  of  pure  styrene  at  different 
concentrations. 

It  is  clear  from  Table  2  that  the  halfwave  potential  of  styrene  is  Indepen 
dent  of  the  styrene  concentration. 


utilizing  Fl’g.  3b  and  the  equation  of  the  vave^  ve  may  calculate  the  apparent 
nuinher  (n)  of  electrons  taking  part  In  the  reduction  of  one  molecule  of  styrene: 


Fig.  3b.  Relationship  between 

log  j-  ^  ■£  and  the  potential  of 

the  mercury  dropping  electrode 
(with  reoT .  to  sat.  cal.  elec.) 
for  the  styrene  wave,  based  on 
the  polar ogr am  in  Fig.  3a. 


tga 


0.095 


2.47  -  2.33 
1.0  7  0.0 


0,^ 

^  tg  a  0.09 


-  0.67. 


As  the  value  n  calculated  from  form¬ 
ula  1,  the  number  of  electrons  taking  part 
in  the  reduction  of  a  moleculd  of  styrene, 
is  a  fraction  less  than  one  (whereas,  theor 
etlcally,  the  reversible  process  requires 
n  «  2),  we  may  draw  the  conclusion  that  the 
reduction  of  styrene  on  a  mercury  dropping 
electrode  is  irreversible. 


The  actual  number  of  electrons  taking 
part  in  the  electrode  process  can  be  deter¬ 
mined  from  Ilkovlch's  equation  as  applied 
to  the  experimental  data  of  Table  1: 

I  *  605  •  n  •  .  X  ^  •  c . 


In  this  equation,  all  the  values  are  known  from  ejqperiment,  outside  of  the 
coefficient  of  diffusion)  £  Is  the  concentration  of  styrene,  equal  to  10.55®®o1Aj 
m  is  the  mass  of  mercury  flowing  from  the  capillary  per  second,  equal  to’0.17 
mg/sec)  T.is  the  period  of  dropping,  equal  to  5*6  'sec  at  —  2.1  volts  (with  ref.  to 
mercury  at  bottom);  I  Is  the  limiting  diffusion  current,  equal  to  12.6^,  A. 

As  is  known  [“*],  the  value  605  n  *  has  been  called  the  constant  of  the 
diffusion  current.  It  can  be  found  from  Ilkovlch's  equation *by  means  of  the 
formula; 

^  D  “  L  *^3  *  . 

where  L  =  m^  •  x  =  0.4l3  sec,"*^  is  a  characteristic  of  the  capillary  at 

—2.1  volts  (with  respect  to  the  mercury  on  the  bottom). 


Therefore;  » 

T  —  1^  »  6  fy  QJ. 

“  0.4i3  •  10.35  * 

Thus  the  constant  of  the  idiffuslon  current  for  styrene  during  its  polaio^ 
graphic  investigation  In  0.2  M  (C4E0)4RI  at  25*  equals  2.95. 


For ‘ spheric aJL  molecules,  the  diffusion  coefficient  can  be  calculated  from 
the  formula  [s]; 

3.32  »  10“^ 

Va4^ 


D 


cm^  sec 7^ 


whvere  Is  the  molecular  volume  of  the  substance  being  investigated; 


60 


(M  Is  the  molecular  weight  of  the  styrene,  equal  to  104;  d  is  the  specific  gravity 
of  the  styrene,  equal  to  O.908  g/al.  at  20®). 

Substituting  these  values  in  the  equation  for  the  diffusion  coefficient, 
we  obtain:  , 


1.32  •  10 
(114.5)’? 


=  0.68  •  10”^  cm^  •  sec.”^  . 


As  Ijj  =  605  •  n  •  ,  then,  solving  this  equation  for  n,  we  can  determine  the 

number  of  electrons  takirg  part  in  the  electrode  reaction: 


2.93 

>05 (0.66' 10 


2.95 

0.605  •  2.62 


1.86  ^2. 


The  value  obtained  for  n  shows  that  in  the  electrode  reaction  2  electrons  take 
part  in  the  reduction  of  the  styrene. 

Consequently,  the  reduction  of  styrene  takes  place  according  to  the  following 
scheme  to  give  ethyl  benzene: 


^^-CH=CH2 


+  2H+  +  2e 


O 


“CHaCHa  • 


Knowing  the  number  of  electrons  which  take  part  in  the  reaction,  we  can  use  Ilko- 
vich's  equation  to  make  a  more  accurate  calciilation  of  the  diffusion  coefficient  of 
styrene  at  25®  in  0.2  M  tetrabutylamsuonlvDii  iodide; 

®  -  =  0.60  -  10-=  cm=  •  sec.-^ 


Further  on,  we  shall  cast  some  light  on  the  proportionality  between  the 
height  of  the  styrene  wave,  and  the  styrene  concentration  in  the  solution. 

To  construct  a  calibrated  straight  line,  we  prepared  a  number  of  solutions 
of  styrene,  in  which  the  concentration  of  the  other  substances  was  constant,  while 
the  concentration  of  the  reducing  substance  (styrene)  vai'ied.  For  this  purpose,  the 
initial  solution  of  st^Tene  (2  drops  in  1  ml  75^  alcohol)  was  added  gradually  by 
drops  to  1  ml  of  the  electrolyte  (0.2  li  tetrabutylammonium  iodide  in  J^'jb  alcohol), 
and  the  height  of  the  wave  measured  each  time  with  potentials  “*•  1-7  and  —  2.1  volts 
(with  respect  to  the  mercury  on  the  bottom) . 

From  the  wave  heights  measured  in  this  experiment,  the  residual  current  was 
calculated,  and  the  value  found  for  the  diffusion  current  recalculated  to  micro¬ 
amperes.  The  concentration  of  styrene  in  the  electrolyte^ (  in  millimoles  per 
liter)  was  calculated  from  the  formula: 

C  =  i  .  ■  -A—  .  .  loO 

M  ■  d  +  Pi  d  +  J  Pa  ' 

where  d  is  the  specific  gravity  of  75^  ethyl  alcohol,  equal  to  O.871  g/cm?  (at 
20° )j  M  =  104,*  the  molecuDar  weight  of  styrene;  is  the  weight  of  two  drops  of 
styrene  (in  the  initial  solution  of  the  styrene);  2 is  the  total  weight  of  the 
drops  of  the  initial  solution  of  styrene  added  to  1  ml  of  electrolyte. 

Three  series  of  such  experiments  in  three  different  electrolytes  are  given  in 
Table  3*  From  the  data  of  Table  3^  ibe  graph  (Fig.  4)  was’ constructed,  giving  the 
.relationship  between  the  height  Of  the  Btyi’ei>e  wave  in  microaiaperes  and  the  concen¬ 
tration  of  the  styrene  in  millimoles  per  liter  (calibrated  curve) . 


1 


61 


From  Table  3  and  Fig.  h  It  is  clear  that  there  is  a  direct  proportionality 
between  the  height  of  the  styrene  wave  and  the  concentration  of  styrene  (in  the 
Interval  of  concentration  from  1.0  to  JO.Oimiole/l  of  styrene). 

This  Is  the  essential  fact  in  relation  to  the  question  of  using  the  polaro*- 
graph  for  the  quantitative  determination  • 
of  styrene. 

We  must  note  that  at  such  negative 
potentials  as  —  2.0  and  —  2.4  volts  (with 
respect  to  sat.  cal.  elec.)  which  eire 
needed  during  the  polarographlc  Investi¬ 
gation  of  styrene,  we  happened  to  encounter 
several  complicating  phenomena  connected  with 
the  great  lowering  of  surface  teaaion  in  the 
mercury  drops.  This  leads  to  a  decided 
decrease  in  the  dropping  period,  as  well  as 
to  a  certain  variability  of  this  period, 
and  in  consequence,  to  a  periodic  devia- 
ation  of  the  mean  point  of  oscillation  on 
the  scale  from  its  normal  position.  In 
order  to  eliminate  this  difficulty,  we 
carried  out  experiments  on  the  addition 
to  the  solution  under  investigation  of 
surface-active  substances,  which,  it  Is 
well  known,  help  in  obtaining  more  stable 
and  reproducible  results.  However,  It 
appeared  that  gelatin  and  agar  themselves 
had  a  reducing  action  at  these  potentials, 
and  the  addition  of  thymol  and  methyl  red 
showed  no  perceptible  influence. 

Considerable  improvement  was  found 
when  we  used  capillaries  with  a  long 
dropping  period  (10  to  20  seconds  without 
polarization,  and  5  to  5  seconds  with  a 
polarization  of  -*  2.4  volts).  As  a  result, 
the  stability  of  the  styrene  diffusion 
current  was  greatly  improved. 

We  must  further  note  that  from  40  to  6o  minutes  after  the  beginning  of  the 
experiment,  we  observed  the  formation  of  a  small  flocculent  precipitate.  A  test 
of  the  constancy  of  the  height  of  the  styrene  wave  with  time  shoved  that  this 
appearance  of  a  precipitate  had  no  influence  on  the  height  of  the  styrene  wave. 

In  addition,  special  experiments  showed  that  the  appearance  of  this  precipitate 
also  took  place  in  a  test  tube  with  0.2  M  tetrabutylammonlum  iodide  in  the  absence 
of  styrene  and  in  the  presence  of  mercury  at  the  bottom.  In  the  absence  of  mercury 
no  precipitate  was  formed.  Thus,  this  precipitate  was,  apparently,  a  product  of 
the  action  of  mercury  upon  tetrabutylammonlum  iodide. 

However,  from  the  analytical  point  of  view,  the  formation  of  this  precipitate 
cannot  hinder  the  polarographlc  determination  of  styrene,  as  the  polarographlc 
measurements  on  the  solution  take  10  to  15  minutes,  and  consequently,  are  concluded 
before  the  precipitate . is  formed.  In  addition,  as  we  have  said  above,  the  forma¬ 
tion  of  the  precipitate  exercises  no  influence  on  the  height  of  the  styrene  wave. 

The  height  of  the  negative  potential  of  the  styrene,  halfwave  —  2.38  volts 
(with  respect  to  sat.  cal.  elec.)  indicates  the  great  difficulty  of  reducing  this 
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Fig.  4.  Relationship  between 
height  of  styrene  wave  and  styr¬ 
ene  concentration  in  solution  con¬ 
taining  0.2  M  tetrabutylammonlum 
iodide  in  75^  ethyl  alcohol. 


I 


! 

I 


TABLE  5 


No.  of 
series 
of  expt. 

Styrene 

concen¬ 

tration. 

(iimole/l) 

Height  of 
styrene 
wave 
(  A) 

Constant  of 
diffusion 
current 

Deviation  of 
constant  of 
diffusion  cur¬ 
rent  from  aver' 
age  value 

Capillary  character¬ 
istic  at  —  2.1  volts 
(with  ref.  to  Hg  at 
■  bottom)(mg^  sec."^'^ 

1 

1.00 

3.6 

3.05. 

-0.01 

1.20 

3.C6 

11.9 

3.24 

+0.20 

4.10 

16.1 

3.26 

+0.22 

5.58 

19.8 

2.96 

-0.06 

5-90 

21.7 

3.06 

+0.02 

6.98 

25.5 

3.03 

-0.01 

8.00 

29.8 

3.10 

+0.06 

2 

3.77 

8.05 

5.56 

+0.52 

0.60 

9.25 

14.8 

2.66 

-0.38 

17.5 

30.7 

2.92  1 

-0.12 

21.5 

38.0 

2.95 

-0.09 

24.8 

1*5.5 

3.08 

+0.04 

28.6 

1  52.4 

3.06 

+0.02  { 

5 

7.21 

12  .*86 

2.98 

-0.06 

0.60 

10.9 

19.96 

3.06 

+0.02 

14.2 

24.57 

2.90 

-0.l4 

17.7 

30.91 

2.90 

-0.l4 

Average  value . . . 

....  3.04’ 

hyciroceLTBon  with  the  mercury  dropping  electrode.  It  appeared  to  us.  tlriat  this 
difficulty  could  to  some  degree  he  explained  by  means  of  the  theory  of  resonance. 

The  theory  of  resonance  permits  us  to  explain  certain  peculiarities  of 
compounds  with  conjugated  double  bonds. ‘  The  styrene  molecule  can  be  regairded  as 
a  system  in  which  the  double  bond  of  the  side  chain  is  conjugated  with  the  double 
bonds  of  the  ring.  This  results  in  delocalization  of  the  ri -electrons  and  the 
appearance  of  resonance  energy  equal  to  7  kilocalories  [5]. 


Styrene  can  have  the  following  5  basic  structures: 


i 

i  (II) 


^yCB-CBz 

(III) 


The  presence  of  a  dipole  moment  (0.57I>)  In  styrene  also  confirms  the 
presence  of  an  Ionized  structure  (IIIJ* 

It  is  known  that  resonance,  determined  by  the  delocalization  of  the  elec¬ 
trons,  finally  results  in  the  increased  stability  of  the  molecule,  and  lowers  the 
energy  of  the  system. 

In  addition,  the  specific  effect  of  the  Dewar  structure  (whose  energy  is 
much  greater  than  that  of  the  Kekule  structure)  is  very  Insignificant  in  the 
soyrene  molecule. 
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The  presence  of  r.esonance  In  the  styrene  molecule,  and,  in  connection  with 
this  the  superposition  of  simple  and  double  bonds  in  the  side  chain,  permits  us 
to  explain  not  only  the  overall  decrease  in  the  ener£;y  of  the  system,  but  also 
the  difficulty  in  reducing  styrene  on  the  mercury  dropping  electrode. 

It  is  known  fiom  the  data  in  the  literature  [i]  that  substituted  styrenes 
particularly  p -methyl styrene,  are  reduced  on  the  mercury  dropping  electrode  with 
even  more  difficulty  (at  -2,^k  vol^s).  It  Is  obvious  that  the  introduction  of 
the  CRs  group  into  the  molecule  of  styrene  atabllizes  the  double  bond.  This  per¬ 
mits  us  to  draw  the  very  important  practical  conclusion  that  styrene  can  be  deter¬ 
mined  polarcigraphically  in  the  presence  of  Its  homologs. 

Poiarographic  Investigation  of  Polystyrene 

The  initial  solution  in  xylene  had  a  polystyrene  concentration  of  about 
200  mmole/l  (basing  the  calculation  on  the  molecular  weigiit  of  unpolymerized 
styrene).  A  few  drops  of  this  solution  were  added  to  the  electrolyte,  0.2  M 
tetrabutylammonlum  iodide  in  75^  alcohol,  and  the  solution  measured  polarograph- 
ically.  The  final  concentration  of  polystyrene  in  the  solution  was  about  5  xnmole/l 
(calculated  as  styrene).  During  the  measurements  at  potentials  of  -2.1  and  -1.7 
volts,  only  a  very  small  wave  of  about  0.3  4 A  was  observed  instead  of  10.0  u  A, 
as  for  unpolymerized  styrene  at  the  same  concentration.  This  almost  complete 
fading  away  of  the  wave  in  polystyrene  solution  con,  apparently,  be  explained  by 
the  large  number  of  double  bonds  used  up  in  forming  the  polymer  molecules,  [®] . 

-(JH-CH2“((j|iH:H2)x  “CH-CH2 

CeHs  CeEs  CeHs 


Double  bonds  can  remain,  obviously,  only  at  the  ends  of  these  polymer 
molecules.  It  is  this,  apparently,  that  is  responsible  for  the  almost  complete 
absence  of  a  wave  in  the  polystyrene  solution/ 

The  experimental  data  we  obtained  show  the  possibility  of  using  a  polaro- 
graphlc  method  for  the  investigation  of  the  process  of  polymerization  of  styrene, 
The  ‘decrease  in  the  styrene  wave  directly  indicates  the  amount  of  polymerized 
styrene. 


SUMMARY 

1.  It  has  been  shown  that  in  a  0.2  H  solution  of  tetrabutylammonlum  iodide 

in  75^  ethyl  alcohol,  styrene  gives  a  well-expressed  polarization  wave. 

» 

2.  The  polarographic  characteristic  of  the  styrene  wave  in  0.2  M  (C4H9)4NI 
in  75^  ethyl  alcohol,  has  been  obtained.  It  has  been  shown  that  the  process  of 
reduction  of  the  styrene  on  the* mercury  dropping  electrode  is  irreversftble,  and 
that  two  electrons  take  part  in  the  electrode  process. 

3.  A  proportionality  has  been  found  between  the  height  of  the  styrene  wave 
and  the  concentration  of  styrene  in  solution,  in  the  interval  of  concentration 
from  1.0  to  30.3  millimole /l  of* styrene.  This  permits  us  to  draw  the  conclusion 
that  this  styrene  wave  is  entirely  suitable  for  the  polarographic  determination 
of  styrene. 

4.  It  has  been  found  that  the  wave  is  almost  completely  extinguished  in 
polystyrene. 

3.  The  reduction  of  styrene  on  the  mercury  electrode  Jias  been  discussed 
from  the  point  of  view  of  the  theory  of  resonance.  -  . 
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THE  SOLUBILITY  OP*  OXYGEN  IN  SEVERAL  ORGANIC  LIQUIDS 


I 

I 

i 

M. :  Reznikovsky,  Z.  Tarasova  and  B. .  Dogadkln  i 


The  M.  V.  LoBonosoT  Moscow  institute  of  Fins  cheniosl  Tsshnology 

The  present  work  consisted  of  an  Investigation  of  the  solubility  of  oxygen 
in  cracked  gasoline,  xylol,  ligroin,  toluene,  and  white  spirit  at  room  temperature 
and  atmospheric  pressure j  in  addition  the  influence  of  temperature  upon  the  solu¬ 
bility  of  oxygen  in  xylol  was  investigated. 

To  determine  the  solubility,  we  constructed  an  apparatus  schematically  de¬ 
picted  in  Fig.  1.  Its  chief  characteristic  was  that  a  preliminary  degasification 
of  the  solvent  could  be  carried  out  in  the  same  apparatus,  and  the  degasified  sol¬ 
vent  saturated  in  an  absorption  vessel  under  the  pressure  of  its  vapors;  thus 
the  possibility  of  contact  with  air  was  excluded.  A  second  peculiarity  of  the 
apparatus  was  that  all  the  means  of  passage  of  the  solvent.  Including  capillaries 
which  Joined  the  gas  burette  to  the  absorption  flask,  were  made  of  glass.  The 
absence  of  stoppers  made  of  rubber  compounds  in  the  path  of  the  solvent  excluded 
the  possibility  of  the  latter's  contamination  with  substances  extracted  from  the 
rubber . 

A  glass  capillary  guarsinteed  against  errors  connected  with  the  absorption 
of  oxygen  by  rubber,  or  swelling  due  to  the  vapors  of  the  solvent  as  happens 
when  rubber  is  used  to  obtain  a  flexible  Joint  of  the  burette  with  the  absorption 
flask. 


The  possibility  of  constructing  the  apparatus  of  glass  throughout  permitted 
degas ificat ion  and  the  determination  of  solubility  in  a  single  appeiratus,  as  well 
as  the  use  of  an  electromagnet tP  agitator  for  the  necessary  mixing  of  the  solvent. 

The  apparatus  consists  of  an  absorption  flask,  iB,  in  the  form  of  a  glass 
cylinder  of  measured  capacity,  at  the  bottom  of  which  lies  the  magnet  23,  sealed 
in  a  glass  tube,  belonging  to  the  electromagnetic  agitator,  Up'on  turning  on 

the  motor,  the  agitator  matn^et _2^ begins  to  revolve  with  a  velocity  of  120  rev. /min. 
providing  energetic  shaking  of  the  liquid  in  the  absorption  flask,  which  is  held 
in  the  thermostat  The  thermostat  is  a  glass  beaker  with  an  aperture'  for 

the  passage  of  tube  26. 

The  thermostat  liquid  is  poured  into  the  tube;  it  is  chosen  so  that  its 
boiling  point  corresponds  to  the  temperature  of  the  experiment.  The  beaker  ^  is 
covered  with  an  ebonite  cap  with  openings  for  the  thermometer  28  and  the  reflux 
condenser,  The  thermostat  is  heated  by  the  electric  heater,  22*  The  absorp¬ 
tion  flask  is  Joined  by  means  of  capillary  1^  Sa-s  burette  31. 

The  essential  condition  which  determines  the  sensitivity  of  the  apparatus 
is  the  ratio  of  the  dimensions  of  the  absorption  flask  and  the  gas  burette,  which 
must  be  chosen  according  to  the  value  of .the  solubility  of  the  gas  in  the  liquid. 

In  our  apparatus,  the  volume  of  the  absorption  flask  araounted  to  175  nil,  that  of 


the  gas  burette  to  100  ml  at  a  height  of  100  cm.  The  burette  is  graduated  in 
tenths  of  a  milliliter.  This  ratio  of  dimensions  gave  satisfactory  accuracy 
of  measurement  in  all  cases. 

The  absorption  flask  is  united  by  means  of  a  glass  tube  to  flasks  1  and  2, 
which  serve  for  preliminary  degasification  of  the  solvent.  The  method  of  deter¬ 
mining  the  solubility  in  the  apparatus  described  is  comprlseQ  in  the  following 
operations.  The  degasification  flasks  are  filled  to  3 A  their  volume  with  the*^ 


Fig.  1^  Apparatus  for  the  determin¬ 
ation  of  the  solubility  of  oxygen 
in  organic  liquids. 


forced  from  tji©  absorption  flask  into  the 
end  of  the  tube  and  then  the  stopcock 
agitator  is  started. 


liquid  being  Investigated  through  the 
adapter  of  the  reflux  condenser, 
which  is  then  Joined  to  the  vacuum 
line.  The  5  vay  stopper  ^  is  turned 
into  such  a  position  that  both  degas 1- 
ification  flasks  are  connecteu  with 
the  reflux  condenser.  When  the  vacuum 
is  turned  on,  the  solvent  in  the  flasks 
begins  to  boll}  this  is  permitted  to 
continue  for  25  to  30  minutes,  and 
the  solvent  is  then  cooled  under  vac¬ 
uum  to  the  temperature  of  the  experi¬ 
ment.  Then,  under  the  combined  action 
of  the  vacuum,  applieu  to  the  absorp¬ 
tion  vessel,  and  the  vapor  pressure 
of  the  solvent,  which  again  begins  to 
boil  in  flask  2,  the  degasifle^  sol¬ 
vent  is  drawn  from  flask  to  the  ab¬ 
sorption  vessel.  The  latter  is  filled 
up  t6  the  stopcock  17 i  which  is  then 
turned  off.  The  following  operations 
include  filling  the  gas  burette  31* 
and  the  capillary  1^,  with  oxygen, 
after  which  the  initial  conditions  of 
the  experiments  are  measured :_^temperafe\ire 
of  the  ’burette  and  thermiO«t3.t^ barometric 

pressiure.  Initial  volume  of  gas  in  the 
gas  burette.  Then  the  gas  burette  is 
Joined  to  the  al\eorption  vessel. 
SimultaneouBlywith  the  raising  of  the 
equalizer  ^2,  25  ml  of  the  solvent  is 
graduated  cylinder  through  the  extended 
^  is  turned,  and  the  electromagnetic  . 


Solution  takes  place  at  constant  pressure,  equal  to  atmospheric;  this  is 
controlled  by  raising  the  equalizer  as  the  levels  in  the  burettes  change.  The 
end  of  the  rise  of  the  mercury  level  in  "the  gas  burette  shows  that  the  process 
of  solution. has  been  completed.  The  length  of  the  experiment  is  30  to  40  minutes; 
after  the  conclusion  of  the  process,  the  final  conditions  are  measured. 


The  calculation  is  carried  out  according  to  Ostwald'o  formula  [i] 


(vi  -  Vs) 


H  -  P. 


B 


T 

A 


H  -  P 


,T 


Av 


fl 
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where : 


la  the  solubility’  In  ml  of  the  gas  In  1  ml  of  liquid  at  atmospheric 
pressure  and  the  temperature  of  the  experiment; 

Is  the  Initial  volume  of  gas  In  the  burette; 

Is  the  final  volume  of  gas  In  the  burette; 

Is  the  external  pressure  (in  sun  of  mercury  column); 

Is  the  partial  pressure  of  the  vapor  of  the  solvent  at  the  tempera¬ 
ture  of  the  burette; 

Is  the  partial  pressure  of  the  vapor  of  the  solvent  at  the  tempera¬ 
ture  of  the  thermostat; 

Is  the  absolute  temperature  of  the  thermostat; 

Is  the  absolute  temperature  of  the  burette; 

Is  the  volume  filled  with  gas  In  the  absorption  vessel,  equal  to 
the  volume  of  liquid  displaced; 

Is  the  volume  of  liquid  In  the  absorption  vessel. 


In  Table  1  eire  given  the  results  of  the  determination  of  the  solubility 
of  oxygen  In  the  liquids  Investigated,  at  room  temperature. 


TABLE  1 

Solubility  of  oxygen  in 


Solvent 

Temper¬ 

ature 

of  expt. 
0 

Solubility  of 
oxygen  (ml  03^- 
gen  per  1  ml. 
solvent).  -  * ' 

Technical  xylol 
(range  134-158*) 

23 

0.177 

Toluene . 

20 

0.128 

Ligroln  (llO- 
120® ) . 

20 

0.156 

White  spirit 

(165-200®) . 

19 

0.170 

Cracked  gasoline 

(115-150°) . 

19 

0.178 

TABLE  2 

Solubility  of  oxygen  in  xylol  at 
different  temperatures 


Expt. 

No. 

Temp. 

0 

Solubility 
(ml  oxygen 
in  ml  sol¬ 
vent) 

Absorption 
coefficient 
(ml  oxygen  at 
normal  condi¬ 
tions  In  ml 
solventl^ 

1 

23 

0.177 

0.162 

2 

80 

0.226 

0.179 

3 

100 

0.268 

0.192 

In  Table  2  are  given  the  results  of  a  determination  of  the  solubility  of 
oxygen  and  the  absorption  coefficient  ^.n  xylol  at  temperatures  of  20,  80,  and  100* 

Fig.  2  shows  the  relation  betweeti  temperature  and  the  absorption  coeffi¬ 
cient  of  oxygen  in  xylol.  As  can  be  se^n,  the  solution  of  the  oxygen  in  xylol 
has  a  positive  temperature  coefficient.  This  is  of  some  theoretical  Interest, 
being  an  additional  confirmation  of  the  fact  that  the  temperature  coefficient  of 
the  solubility  of  gases  of  the  type  O2,  and  H2  Is  positive. 

There  Is  an  attempt  at  a  thermodynamic  explanation  of  the  phenomenon  In 
the  work  of  Amerongen  [2],  who  In  his  turfi  cites  the  work  of  Khorlnt. 


*The  figures  averages  for  three  foor  experifcacts.  The  differeuces; between  jArallel  exporlnents 

did  not  eaceeci  +•  0.001. 


69 


Having  ascertained  that  a  positive  temperature  coefficient • Is  observed  only 
In  those  cases  where  the  absolute  value  of  the  solubility  Is  snail,  the  authors 
show  the  connection  between  solubility  and  thermril  effect,  assuming  that  the  latter 
la  coicpletely  determined  by  the  work  of  solution.  From  this  they  find  that  the 
value  for  the  solubility  of  ^  =  1.0  is  critical.  At  a  solubility  greater  than  the 
critical,  a  negative  value  of  the  temperature  coefficient  is  to  be  expected}  at  a 
solubility  less  than  the  critical,  the  temperature  coefficient  will  become  positive, 

The  conclusion  of  the  authors,  however,  raises  some  doubt  because  of  the 
fact  that  they  did  not  take  into  account  the  work  of  external  forces  during  the 
change  in  the  total  volume  of  th^  system. 

We  suggest  the  following  thermodynamic  interpretation  of  the  phenomenon: 
in  the  general  case  of  equlllbrlxm  of  a  two -component  system  in  two  phases,  we 
have,  as  an  expression  of  the  dependence  upon  the  temperature  of  the  equllibriiim 
constant  K:  - 

A9g  A  =  M  =  -  -S-  (1) 

d  T  3T  RT^  ' 

T  V 

where  is  the  solubility  of  the  gas,  i.e.,  gas  ,  and  Q  is  the  heat  of 

solution.  viiq 

In  place  of  Q,  considering  the  process  of  isothermal  solution  of  one 
mole  of  gas  under  the  constant  pressure  of  one  atmosphere,  we  have: 

^  Q  +  PAv  =AU  RT.  (2) 

‘  To  a  first  approximation,  the 

ijL  N*  change  in  the  internal  energy  of  the 

^  -  system  will  be  given  correctly  If  ve 

neglect  the  heat  of  reaction  between  the 
^  molecules  of  gas  and  the  molecules  of 

^  liquid}  it  is  determined  by  the  work 

^  -  .J  expended  on  the  isothernial  process  of 

transferring  a  mole  of  gas  from  the  inl- 

0.  J  tlal  volume  v-a_  to  the  final  volimie  of 

jc  '  •  gas  In  the  solvent,  which  is  approxlma- 

p.  ^  tely  equal  to  ’ 

,  ""  .  A  -  RT  In -  RT  In  1  ^  (5) 

0  Ifi  90  60  80  m 

Tc»»t(3erAta.vtt,  *C  *  •  Thus,  we  have; 

Tfilat.lnn  between  bhe  ^  iA  RT(ln  1.  +  l) 
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Tc»»t(3erAta.vtt,  C 

Fig.  2.  The  relation  between  the  ^  *  P^  ^  ^  or  Q  =  RT(ln  1^+  l); 

absorption  coefficient  of  oxygen  whence  Q  =  0  when  In  =  —  1  and 

in  xyiene  and  the  temperature.  -T  1  ^  n 

.  *  e  ^  • 

When  >  0*57  Q>  0  and  the  tem¬ 
perature  coefficient  of  solubility  deter¬ 
mined  by  (l)  is  negative. 

T 

When  1^  <  .0.57  Q  <  0,  and  the  temperature  coefficient  of  solubility 

must  be  positive. 

Thus,  the  positive  temperature  coefficient  of  solubility,  arf  a  consequence 
of  the  latter,  does  not  exceed  0,57^  on  .thermodynamic  grounds. 

The  .deviations  which  take  place  are  apparently  explicable  by  the  fact  that 
the  heat  of  reaction  between  the  molecules  of  gas  and  solvent  is  not  always  neglig¬ 
ible. 
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SUMMARY 


I 


1.  Axi  apparatus  has  'been  described  for  the  deteTiainatlon  of  the  solubility 
of  gases  in  organic  liquids. 

2.  The  solubility  of  oxygen  has  been  determined  in  gasoline,  xylol,  ligroin, 
and  white  spirit  at  temperatures  from  19  to  25®. 

5.  It  has  been  found  that  the  solubility  of  oxygen  in  xylol  in  the  tempera¬ 
ture  interval  from  25-100®  increases  linee^rly  with  a  rise  in  the  temperature. 

4.  It  has  been  shown  from  thermodynamic  considerations  that  a  positive 
temperature  coefficient  of  solubility  of  a  gas  may  be  found  when  the  solubility 
of  the  gas  in  the  range  of  temperature  investigated  does  not  exceed  0.57* 

LITERATURE  CITED. 

[i]  CfeWald-Luther-Drucker .  Physico-chemical  Measurements.  ONTI  (United 
Scientific -Technical  Publishers)  (1955)* 

[z]  G. J.Amerongen,  J.  Applied  PhyB.(U.S.),  972  (1946). 


Received  July  7>  19^8 


DIENE  SYNTHESES  WITH  PIPERYLENE 


B. .  A.  Arbuzov,  and  E.  G.  Kamayev 


Laboratory  of  Organic  Chenistry  of  the  A. ' U.  ButleroT  Scientific  Research 
Institute  In  Cbeolstry  of  the  V.  I. '  UlyanoT-Lenin  Kazan  State  UniTersity 


Piperylene  has  of  late  begun  to  receive  considerable  attention.  It  is  one 
of  the  most  accessible  dienes,  existing  in  the  cis  and  trans  forms  [i]. 

The  diene  synthesis  with  piperylene  has  been  of  frequent  service  as  a 
method  of  investigation  [2],  The  diene  synthesis  takes  place  only  with  the  trans 
form  [3]  and  theoretically  can  give  two  isomeric  products  because  of  the  possibi¬ 
lity  of  addition  of  dieneophil  compounds  in  two  directions. 

One  of  us  eeirlier  Investigated  the  diene  synthesis  with  acrolein  [4]  and 
several  other  dieneophils.  However,  the  manner  of  addition  of  the  asymmetrically 
constructed  dieneophil  to  piperylene  was  not  shown.  At  the  same  time,  the  ques¬ 
tion  of  the  orienting  influence  of  groups  upon  the  diene  synthesis  is  of  great 
interest  from  the  point  of  view  of  its  interpretation  by  means  of  electronic  con¬ 
siderations.  These  induced  us  to  undertake  an  investigation  of  the  diene  synthesis 
with  piperylene  and  asymmetrically  constructed  dieneophils,  and  to  determine  the 
manner  of  their  addition.  At  the  time  this  investigation  was  concluded,  a  communi¬ 
cation  on  a  similar  theme  appeared  in  print.  At  the  end  of  19^7  there  was  pub¬ 
lished  a  paper  by  Frank,  Emmick,  and  Jonnson  [5]  which  described  the  diene  synthe¬ 
sis  of  piperylene  with  the  nitrile  of  acrylic  acid,  and  in  1948  one  by  A. A. Petrov 
and  Sapozhnlkova  [o]  described  the  same  synthesis  of  piperylene  with  acrylonitrile. 

The  results  of  our  Investigations  are  in  accord  with  the  conclusions  of 
these  authors,  but  the  materials  for  the  diene  synthesis  with  piperylene  are  not 
limited  to  the  nitrile  of  acrylic  acid,  and  the  method  of  showing  the  structure 
of  the  products  of  the  diene  synthesis  is  somewhat  different  from  that  in  the 
works  citedj  this  Induced  us  to  publish  the  present  communication. 

As  a  result  of  the  diene  synthesis  of  piperylene  with  acrylic  nitrile, 
we  may  expect  the  formation  of  2-methyl-l,2,5-6-tetrahyclro  benzonitrile  (l),  or 
^-iriethyl-l,2,3,6-tetrahydr0\  benzonitrile  (ll),  or  mixture  of  the  two  isomers: 


Frank,  Emmick,  and  Johnson,  on  the  basis  of  the  dehydrogenation  of  the 
addition  product  of  acrylonitrile  and  trans -piperylene  with  sulfur,  and  the  sapon¬ 
ification  of  the  toluic  nitrile  obtained,  arrived  at  the  conclusion  that  the  chief 
product  of  the  reaction  of  piperylene  with  acrylonitrile  was  the  nitrile  (l), 
along  with  small  quantities  of  the  nitrile  (ll),  as  saponification  of  the  toluene 
nitrile  obtained  gave  o-  and  m-toluic  acids  in  the  ratio.  7^1* 

A. A. Petrov  and  A. F. Sapozhnlkova,  working  with  piperylene  which  contained 
about  50^  of  the  trans  form,  obtained  46^  of  condensation  product,  and  showed 
that  the  cis-forn  did  not  enter  into  reaction  with  the  acrylonitrile  at  150-155** 


At  180®  condensation  took  place  as  a  result  of  the  obvious  change  of  pai\  of  the 
cis-form  to  the  trans.  During  the  saponification  of  the  nitrile  obtained,  A. A. 

Petrov  and  A.F.Sapozhnikova  obtained  a  liquid  acid  with  b.p.  I58®  at  20  mia.  This 
led  them  to  the  conclusion  that  it  was  2-inethylcyclohexene-3-carboxylic  acid,  and 
that  the  product  of  addition  of  the  acrylonitrile  to  piperyl^ne  had  the  structure 
fl).  By  saponification  of  the  amide  obtained  from  the  nitrile,  A. A. Petrov  andA.F. 
Sepozhnilrova  obtained  a  crystalline  acid  with  the.  same  b.p.  Petrov  and-  Sapozhnikova 
considered  the  acids  they  had  obtained  to  be  cis  and  trans  isomers.  In  their  opinion 
addition  of  the  acrylonitrile  to  piperylene  at  1>3®  gave  cis,  50^;  trans  form. 

A.  A.  Petrov  and  A.F.Sapozhnikova  assert  that  this  manner  of  addition  of  acryl¬ 
onitrile  to  piperylene  is  in  accord  with  the  requirements  of  electron  theory. 

We  heated  the  nitrile  of  acrylic  acid  with  piperylene  at  13O-IUO*  for  2h 
hours,  and  obtained  an  addition  product  in  yield.  ‘It  had  the  following 
constants; 

B.p.  73-7^*  at  3  mm;  nj°  1.4683;  d|°  O.9289;  MRd  36.28. 

CaHiiNsI”*  Calculated:  MRjj  36.29. 

These  constants  are  close  to  those  of  Frank,  Emmlck  and  Johnson  (b.p.  72- 
74°  at  9  inm;  n^®  1.4682)  and  of  A. A. Petrov  and  A.F.Sapozhnikova  (b.p.  89.5-90*  at 
20  mm;  n^®  I.47OO;  df®  Ot.9307;  MHd  56.3).  The  structure  of  the  product  we  had 
obtained  was  shown  in  the  following  manner;  the  nitrile  was  converted  into  the 
ethyl  ester  by  the  action  of  alcohol  in  the  presence  of  hydrogen  chloride.  It  had 
the  following  constants: 

B.p.  138-140®  at  100  mm;  n§®  1.4619;  d|°  0.9741;  MRjj  47.40. 

CioHieOsl”*  Calculated:  MRjj  47.37. 

Upon  saponification  of  the  ester  with  soda,  the  acid  was  obtained,  with 

B.p.  138-140®  at  20  mm;  n|°  1.4738;  d|°  1.0397}  MRd  57.87. 

•  CeHiaOs  j".  Calculated:  MRjj  38.01, 

Ozonification  of  the  acid  in  soda  solution  gave  pentajaetricarboxyllc  acid-1,3,4,  • 
with  m.p.  176-178®,  which  had  been  described  by  Perkin  [7].  Dehydrogenation  of 
the  nitrile  with  bromine,  according  to  the  method  of  Einhorn  and  Willstatter  [s], 
followed  by  the  hydrolysis  of  the  nitrile,  gave  o-toluic  acid,  with  m.p.  103-104® 

[9].  The  course  of  the  reactions,  which  could  be  represented  in  the  following 
manner : 
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left  no  doubt  about  the  structure  of  the  addition  product.  We  isolated  no  deriva¬ 
tives  that  indicated  the  presence  of  the  isomeric  nitrile  (ll). 

Earlier,  B. A. Ai'bu:iov  and  E.Fink  obtained  an  addition  product  from 


acrolein  and  piperylene.  Its  structure,  in  the  sense  of  the  orientation  of  the  ac¬ 
rolein  during  the  addition,  was  not  determined.  We  repeated  the  ejqperim.ents  on  the 
addition  of  acrolein  to  plperyler.e  and  shoved  the  structure  of  the  addition  product. 

An  aldehyde  waa  obtained  In  56^  yield,  with  the’  following  constants: 

B.p.  56-58*  at  11  nm;  n|°  df”  0.9455?  MRu'  ’56.55- 

CbHi^O  .  Calculated:  •  KRp  56.48, 

The  aldehyde  gare  a  sealcarbazone  with  ni.p.  I67-I68*. 

Tc  determine  the . structure  of  the  addition  prodxict,  it  was  oxidized  with  mdist 
tsil.er  oxide  to  give  the  corresponding  acid.  There  was  thus  obtained  In  89^  yield 
2-iaethyl-A®-cyclohexene-l -carboxylic  acid,  with  nup.  52-52-5*  .  . 

As  was  shown  by  A. A. Petrov,  saponification  of  the  crystalline  aalde  obtained 
by  the  partial  hydrolysis  of  the  nitrile  from  piperylene  and  acrylonitrile  gave  an  ' 
acid  with  m.p.  55*  >  corresponding  to  the  trans  form.  By  means  of  the- acid  chloride  of 
the  acid  with  m.p.  52-52.5“,  we  obtained  an  amide  of  the  acid  with  m.p.  157-158* >  lii 
close  agreement  with  the  value  of  the  amide  A » A. Petrov  had  obtained  from  the  nitrile 
(m.p.  ■  159-160“) .  Upon  ozonolysis  of  the  acid  with  m.p.  52-52. 5*>  obtained  an  acid  . 

with  m.p.  177*;  identical  with  the  pentanetricarboxyllc  acid-1,5,4  we  had  earlier  • 
obtained  from  the  liquid  2-methyl -A^-cyclohexane  aldehyde-1  (mixed  test) .  •  • 


The  data  given  above  leave  no  doubt  that  the  addition  product  of  the  >  •. 
acrolein  to  piperylene  -  has  the  structure  trans-2-methyl-  ^-cyclohexane  aldehydo- 
1  (ill).  The  course  of  the  addition  reaction  and  of  the  reactions’ which  show  the 
fltructure  of  tbfe^^aldehyde .obtained, rfasy  be  represented  by  the  following  scheme:’ 


It  is' of  Interest  to  note  that  in  the  case  of  the  acr ole In-plperylene  addition  pro¬ 
duct,  we  observed  no  liquid  cls-acld  d'orlng  the  oxidation  of  the  aldehyde, 

Alder  end  Rlckert  [1^]  showed  that  butadiene  and  several  other  dienes  enter 
into  an  addition  reaction  with  alkylidene-  and  benzyl! denemalonic  and  acetoacetic 
esters.  Alder  and  Rickert  carried  out  the  reaction  only  with  butadiene,  2,5-di¬ 
methyl  butadiene,  and  cyclopentadiene ,  where  the  assyfiietry  of  the  dieneophil  could 
give  only  a  single  addition  product,  • 


We  carried  out  experiments  on  the  addition  of  alkyl i dene-  and  benzylldene- 
malonic  and  acetoacetic . eaters  and  determined  the  structure . of  the  products  obtained. 

By  the  action  of  ethyl Idenemalonic  ester  on  piperylene  at  170-175*;  ve  ob¬ 
tained  in  74^  yield  a  product  with  the  constants: 

B.p.  125-124“  at  5  mm,  156-158“  at  11  mmj  ng°  1.4619;  d5°  1.0416;  KRj^  67. 07. 
Ct4H?p04  n  Calculated  MR])  67.49. 


This  Indicated,  as  was  made  clear  by  investigation,  that  the  compound  was 
the  diethyl  ester  of  2, 6-dime thyl-A^-cyclohexene  dicarboxylic  acld-1,1  (IV).  Its 
structure  was  shown  by  the  following  reactions.  Saponification  of  the  ester  gave 
a  dibasic  acid  with  m.p.  l88“  (decomp);  upon  heating  to  200“,  this  went  over  into 
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a  monobasic  acid  with  m.p.  55-56®,  Dehydration  of  this  latter  acid  with  selenium 
at  360®  gave  m-xylene,  which  was  Identified  by  its  oxidation  to  Isophthallc  acid 
with  m.p.  3^1“5^3‘’- 

The  course  of  the  reactions  Indicated  can  be  shown  by  the  following  scheme: 


The  reaction  between  plperylene  and  benzalmalonlc  ester  takes  place  In  a  similar 
meinner . 

Heating  of  the  plperylene  with  benzalmalonlc  ester  at  19O®  gave  an  addi¬ 
tion  product  (yield  of  pure  product  39 *3^)  with  the  following  constants: 

B.p.  170-172®  at  4  mm;  ng®  I.52O65  d|°  1.1006j  HRj)  87.40. 

C19H24O4  1%.  Calculated  MRq:  86.99* 

It  proved  to  be  the  diethyl  ester  of  2-methyl-6-phenyl-A^-cyclohexenedlcarboxyllc 
acld-1,1  (V),  whose  structure  was  shown  by  the  following  reactions: 


The  dibasic  acid  has  M.p.  I83®  (with  decomp.).  The  m-pheny*L toluene  was  not  Iso¬ 
lated  In  pure  form,  but  was  directly  oxidized  to  give  ra-phenylbenzoic  acid  with 
m.p.  159-161®  (m.p.  of  m-phenylbenzolc  acid  162®  [11]) 

On  heating  with  plperylene  to  I80®,  ethylideneacetoacetic  ester  gave  an  addl 
tion  product  In  74^  yield.,based  on  the  ethylideneacetoacetic  ester,  with  constants: 

B.p.  116-118®  at  5  mm;  ng°  1.4754;  d|°  I.O326;  MRd  6O.97. 

Gi3H2o03  j“.  Calculated:  MRp  61.23. 

An  investigation  of  its  chemical  properties  showed  that  it  was  the  ethyl 
ester  of  2,6-dimethyl-l-acetyl-A^-cyclohexenecarboxyllc  acid-1  (Vl).,  Saponifica¬ 
tion  with  alkali  followed  by  acidification  gave  an  acid  with  m.p.  56**,  which  was 
identical  with  the  2,6-dliIiethyl-A^-cyclohexene-l-carboxyllc  acid  (m.p.  55“)  ob¬ 
tained  earlier  by  the  saponification  and  splitting  offof  CO2  from  the  addition 
product  of  ethylidenemalonic  ester  and  plperylene.  The  formation  of  the  2,6-dl- 
aethyl-  ^-cyclohexene-l-c6u:boxyllc  acid  proved  the  structure  of  the  addition 
product. 


In  addition  to  the  acid,  as  a  result  of  the  ketonlc  cleavage  of  the  addi¬ 
tion  product,  we  Isolated  in  yield  a  ketone  which  gave  a  semlcarhazone  with 
m.p.  124®,  and  had  the  following  constants: 

B.p.  80-81®  at  12  mm;  n|°  1.4635;  0.9259;  MRu  45.33. 

CioHieOr.  Calculated:  MRp  45.72. 

Judging  from  the  structure  of  the  initial  addition  product  (Vl),  the 
ketone  must  have  the  structui'e  (VIl)  2,6-dlmethyl-l-acetyl-A^-cyclohexene.  The 
reactions  described  can  be  represented  in  the  following  manner: 
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In  all  the  cases  described  of  the  addition  to  piperylene  of  the  alkyli- 
dene  and  benzylidenemalonic  and  alkylideneacetoacetlc  esters,  we  did  not  succeed 
in  observing  any  products  of  addition  in  the  reverse  meuiner. 

An  investigation  of  the  reaction  between  benzalacetoacetic  ester  and 
piperylene  showed  without  any  doubt  that  in  this  case  the  reaction  took  place 
in  both  directions. 

Eeatlng  of  the  piperylene  with  benzalacetoacetic  ester  at  I80®  gave  pro¬ 
ducts  from  which  two  fractions  could  be  isolated,  with  the  following  constants: 

1)  9.5  g;  b.p.  165-167®  at  4  mm;  ng°  I.5288;  d|°  I.O98O;  MRj^  80.4l. 

Cj_sH2203  |~4 •  Calculated  MRjj  8O.72, 

2)  5  g;  b.p.  167-171®  at  4  mm;  ng°  I.55OO. 

The  second  fraction  began  to  crystallize  after  a  month.  After  recrystallization 
from  methyl  alcohol,  the  crystals  had  m.p.  61®  (4.3  g) .  Saponification  of  the 
first  fraction  with  aqueous -alcoholic  alkali  gave  a  neutral  portion,  insoluble 
in  the  water -alcohol  solution  (27^),  and  sin  acid  part,  separated  after  acidifica¬ 
tion  of  the  aqueous-alcoholic  layer  (53?>)  • 

The  acid,  separated  from  the  salt,  had  b.p.  16O-I7O®  at  5  and  did  not 
crystallize.  Upon  dehydrogenation  with  selenium  at  38O®  and  oxidation  of  the  de¬ 
hydrogenation  product  with  potassiiun  permanganate,  m-phenylbenzoic  acid  with  m.p. 
158-160®  (mixed  m.p.)  was  obtained. 

The  formation  of  m-phenylbenzoic  acid  showed  that  the  first  fraction  con¬ 
sisted  of  the  ester  of  2-methyl-6-phenyl-l-acetyl-A^-cyclohexenecarboxylic  acid-1 
(VIII). 

The  part  insoluble  in  alkadi  had: 

B.p.  150-156®  at  10mm;  ng°  1.5501.‘ 
and  was,  apparently,  2-methyl-6-phenyl-l-acetyl-A^-cyclohexene. 

The  second  fraction  with  b.p.  167-171®  at  4  mm,  upon  saponification  with 
a  25'a'  alcohol  solution  of  caustic  potash,  followed  by  acidification  of  the  aqueous 
alkali  solution,  gave  an  acid;  after  some  time  this  began  to  crystallize,  and 
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after  recrystallization  from  aqueous  methyl  alcohol  had  m.p.  83®  (yield  70j)« 

An  investigation  sho'wpd  that  it  was  3-Jtt5thyl-2-phenyl'A  “^-cyclohexene- 
carhoxyllc  acld-l,  as  dehydrogenation  with  selenium  at  360“  and  oxidation  of  the 
dehydrogenation  product  vlth  potassliim  permanganate  gave  o-phenylhenzoic  acid 
with  m.p.  112-113"  (data  in  the  literature,  m.p.  113'5-11^*5®  [12]). 

In  addition  to  the  acid  with  m.p.  83® ,  saponification  of  the  fraction 
with  b.p.  167-171"  at  4  mm  with  alcoholic  alkali  gave  a  product  (0.8  g)  insoluble 
in  the  water-alcohol  layer;  this  gave  a  semlcarbazone  with  m.p.  195" • 

This  product  is  obviously  3 -^aethyl -2-phenyl -1 -ace tyl-A^  cyclohexene. 
Further  Investigation  is  required  to  confirm  its  structure. 

Thus,  in  the  addition  of  benzalacetoacetic  ester  to  plperylene,  both 
possible  isomers  are  formed,  as  has  been  shown  by  the  reactions  given  above. 

The  course  of  these  reactions  can  be  represented  by  the  following  scheme: 


CHj 

A-coo^ 

c«, 

f  ♦  lpcoo{xH5 

CHj 

OXHl  ^ 

Ox)  S/^coo« 


CW,  1  .  COOH 


\ 


0" 


COOH 


The  manner  of  addition  of  such  dieneophils  as  the  nitrile'  of  acrylic  acid,  acrol¬ 
ein,  and  ethylidenejnalonlc  and  ethylldenacetoacetlc  esters,  to  plperylene  is  in 
good  accord  with  the  direction  of  polarization  of  the  plperylene  and  the  dieneo¬ 
phils  mentioned  [13] 


6: 

R'  =  CN,  CHO,  COCH3,  COOC2H5J 
R"  =  H  or  COOC2H5. 


In  the  cace  of  those  dieneophils  where  R  =  CjsHs,  as  a  result  of  the  tendency  of 
the  phenyl  radical  to  accept  emd  to  give  electrons. 
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in  addition  to  the  direction  of  polarization  shovn  above,  the  polarization  of  the 
dleneophlle  can  also  take  place  in  the  reverse  direction: 

R‘  This  direction  of  polarization  can  lead  to  the  formation 

of  an  isomeric  addition  product. 

^CH-Cells  In  fact,  in  the  case  of  benzalacetoacetlc  ester,  we  showed 

that  in  addition  to  the  chief  product  of  reaction,  the  ethyl 
ester  of  2-in.ethyl-6-phenyl-l-acetyl-A^-cyclohexeue  carboxylic 
acid-1  (VIIl),  there  was  also  formed  a  large  quantity  of  the  isomeric  ester  J-methyl- 
-2-phenyl-l-acetyl-A ^ -cyclohexene  carboxylic  acid-1,  (ix).* 

The  formation  of  a  small  quantity  of  the  isomeric  addition  product  could 
also  be  expected  in  the  case  of  benzalmalonic  eater. 

We  did  not  succeed  in  isolating  it  or  proving  its  presence  in  the  pro¬ 
ducts  of  the  reaction  between  plperylene  and  benzalmalonlc  ester.  It  is  possible  • 
that  a  more  careful  investigation  of  the  products  of  reaction  of  plperylene 
and  benzalmalonic  ester  after  overcoming  experimental  difficulties  would  enable 
us  to  observe  the  second  addition  product  as  well. 

EXPERIMSHTAL 

The  plperylene  used  for  the  diene  synthesis  had  the  following  constants: 

B.p.  41-45“;  ng°  1.4258;  d|°  O.6855. 

1.  Addition  of  the  Nitrile  of  Acrylic  Acid  to  Plperylene 

20  g  of  plperylene  fraction,  l6.4  g  of  acrylonitrile,  and  0.1  g  of  hydro- 
qulnone  were  heated  in  sealed  tubes  at  150-l40®  for  24  hours.  Then  the  contents 
of  the  tubes  were  subjected  to  vacuum  distillation  in  a  Wldner  column.  There  was 
obtained  24  g  of  the  nitrile  of  2-methyl-A^ -cyclohexene  carboxylic  acid,  l.e., 

64^  based  on  the  acrylonitrile: 

B.p.  69-70*  at  6  nm  or  73^7^“  at  8  mmj  ng°  1.4685;  d|°  O.9289;  m-Q  56.28. 

CeHiiN  I*.  Calculated  MRj):  56.29. 

The  nitrile  obtained  was  a  colorless,  oily  liquid  with  an  almond  odor. 

0.1054  g  substance;  O.5OII  g  CO2;  0.0840  g  H2O. 

Found  C  79-42;  H  9.09* 

CeHiiN.  Calculated  C  79-29:  H  9.15- 

No  other  fraction  which  might  contain,  an  isomeric  nitrile  was  Isolated. 

a)  Alcoholysis  of  the  nitrile.  A  solution  of  20  g  of  the  nitrile  in  ^00 
ml  of  absolute  ethyl  alcohol  was  heated  with  a  reflux  condenser  on  the  water  bath 
for  8  hours;  into  the  boiling  solution  was  led  a  rapid  stream  of  dry  hydrogen 
chloride.  A.fter  8  hours,  the  passage  of  the  hydrogen  chloride  was  discontinued 

and  the  heating  continued  for  4  more  hours.  Tlien  the  contents  of  the  flask  were 

poured  into  8OO  ml  of  water  and  carefully  extracted  with  ether.  After  drying  of 
the  ether  extract  and  driving  off  of  the  ether,  the  residue  was  fractionated. 

There  was  obtained  11  g  (40‘/;)  of  an  oily  liquid  with  an  aromatic  odor;  it  was  the 
ethyl  ester  of  2-inethyl-A^-cyclohsxene  carboxylic  acid: 

B.p.  95-97“  at  15  mn,  or  158-l40*  at  100  mm;  ng°  1.4619;  dj°  0.9741-  mRd  47. 40. 

CioHig02|“-  Calculated  MRq  47.57. 

0.1202  g  substBLnee:  0.5159  g  CO25  0-1045  g  H2O. 

Found  C  71.22;  H  9-71- 
0ioni602-  Calculated  ‘jo:  C  71-39;  H  9-58- 

Rrpeatod  ciperiwiDta  on  dohj-dvosenatlon  rf  tie  acid  t?ith  n. p.  83°,  foilorsd  by  oxidation,  shewed  that  the 
cuTiixxind  with  m.  p.  112-110^^  appeared  to  bo  not  2-fhenylbeKSi:oic  acid,  but  impure  S-pbenylbenzolc  acid. 

Thus,  the  foixintlon  of  the  Isoinerlc  adduct  (X)  vua  not  cccflnaed. 


•79 


b)  10  g  of  the  ester  obtained  vas  ailxed  vith  an  aqueous-alcoholic  solution 
of  7  g  of  soda;  the  solution  obtained  vas  boiled  on  the  vater  bath  for  12  hours, 
after  which  the  contents  of  the  flask  were  boiled  with  several  portions  of  animal 
charcoal,  evaporated  to  a  small  volume,  and  acidified  by  the  addition  of  sulfuric 
acid  (l:5).  They  were  then  carefully  extracted  with  ether. 

After  removal  of  the  ether,  there  vas  obtained  6.1  g  (73^)  of  a  thick 
syrup  with  an  unpleasant  odor,  b.p.  158-140®  at  20  mm;  it  did  not  crystallize  upon 
refrigeration. 

ng®  1.4738;  d|°  1.0397;  MRj)  37.87. 

CsHisOa  1^.  Calculated  MR]):  38.01. 

The  silver  salt  was  obtained  in  the  form  of  a  white  powder. 

0.5337  g  substance:  O.2318  g  Ag. 

Found  5^:  Ag  43.44. 

CsHiiOaAg.  Calculated  Ag  43.67. 

c)  5  g  of  the  acid  obtained  was  dissolved  in  50  ml  of  soda  solution,  con¬ 
taining  5  g  of  soda,  and  ozonified  for  16  hours.  The  ozonide  solution  was  mixed 
with  snow  and  oxidized  in  the  cold  with  8OO  ml  of  a  1^  solution  of  potassium  per¬ 
manganate,  while  being  stirred  energetically.  At  the  end  of  the  oxidation,  the 
reaction  flask  was  heated  on  the  water  bath  for  2  hours.  After  filtering  off  the 
manganjpse  dioxide,  the  filtrate  was  concentrated  in  a  vacuum  to  a  small  volume, 
acidified  with  dilute  hydrochloric  acid  (l:l),  and  evaporated  on  the  water  bath  to 
dryness.  The  residue  was  mixed  with  pure  sand  and  extracted  with  dry  ether.  After 
the  removal  of  the  ether,  3.7  g  of  a  solid  substance  was  obtained  in  the  form  of 
white  grains,  which,  after  recrystallization  from  concentrated  hydrochloric  acid 
and  drying,  had  m.p.  I76-I78®;  this  corresponded  to  the  data  of  Perkin  [7]  for 
pentanetrlcarboxylic  acld-l,3^^» 

d)  Dehydrogenation  of  the  nitrile.  I.3  g  of  the  nitrile  was  heated  with 
an  accurately  calculated  quantity  of  bromine  ^.4l  g)  in  a  sealed  tube  at  200®  for 
2  hours.  Then  the  contents  of  the  tube  were  boiled  with  a  30^  solution  of  caustic 
soda  for  16  hours.  After  this  the  so3.utlon  vas  acidified  with  dilute  hydrochloric 
acid  (1:4).  A  white  precipitate  settled  out;  after  recrystallization  from  dilute 
alcohol,  it  had  m.p.  103-104®,  which  corresponded  to  the  data  of  the  literature 
for  o-toluic  acid  [9]. 


■2.  Condensation  of  Piperylene  and  Acrolein 

60  g  of  acrolein,  II5  g  of  piperylene,  and  O.5  g  of  hydroqulnone  were 
heated  in  sealed  tubes  at  125-130"  Tor  8  hours.  After  removal  by  distillation  of 
the  unieacted  components,  there  was  isolated  by  fractional  distillation  with  a 
Widmer  column  70  g  (58^  based  on  the  acrolein)  of  2-methyl ^A^-cyclohexene-aldehyde: 

B.p.  56-58®  at  11  mm;  ng°  1.4655;  d|°  0.9435;  MR])  36.55. 

CaHiaOr.  Calculated  MRj)  36.48. 

No  other  fraction,  which  might  contain  an  isomer,  could  be  separated. 


By  Zelinsky's  method,  a  semlcarbazone  vas  obtained  with  m.p.  167-I68®  (from 
alcohol) . 


0.1086  g  substance:  O.238I  g  CO2;  O.O816  g 

Found  C  59.79;  H  8.4l.  “ 

C9H15ON3.  Calculated  C  59.65;  H  8.34. 


The  aldehyde  vas  oxidized  with  moist  silver  oxide  to  the  corresponding  acid. 

To  do  this,  a  solution  of  25  g  of  the  aldehyde  in  500  ml  of  ethyl  alcohol  was  mixed 
with  a  solution  of  65  g  of  silver  nitrate  in  550  nO.  of  vater  in  a  2  liter  flask, 
which  was  shaken  continuously  by  machine  for  4  hours;  during  this  process,  a  solution 
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of  50  g  of  caustic  soda  in  1.2  liters  of  vater  was  dropped  in.  After  addition 
of  the  caustic  soda  solution,  the  shaking  was  continued  for  another  6  hours. 

After  reiooval  of  the  precipitate  of  silver,  the  filtrate  was  evaporated  in  vacuum 
to  a  small  volume,  acidified  with  dilute  sulfuric  acid  (l;5)>  and  the  acid  which 
separated  was  carefully  extracted  with  ether.  After  the  ether  was  driven  off, 
there  remained  a  thick  oil;  this  was  distilled  at  158-159®  at  20  xnm.  It  then 
quickly  crystallized.  There  was  ottalned  25  g  (89^  based  on  the  aldehyde)  of 
2 -methyl -cyclohexene  carboxylic  acid  with  m.p.  52-52*5“  (from  petroleum  ether), 
in  the  form  of  transparent  yellowish  needles.  The  silver  salt  was  obtained. 

0.5826  g  substance;  O.1669  g  Ag. 

Found  Ag  ^5.65. 

CeHiiOgAg.  Calculated  jfe;  Ag  45,67. 

By  means  of  the  acid  chloride  (from  7  g  of  acid  and  10. 5  g  of  finely  pul¬ 
verized  phosphorus  pentachlorlde)  there  was  obtained  the  amide  of  the  crystalline 
form  of  2-methyl-A ^-cyclohexenecarboxylic  acid  with  m.p.  157-158“  (from  water). 

(it  was  impossible  to  obtain  an  amide  from  the  liquid  form). 

0.1205  g  substance:  0.504l  g  CO25  0.1029  g  H2O. 

Found  C  68.945  H  9*57* 

CeHiaON.  Calculated  C  69. 05;  H  9 *41. 

Ozonolysis,  carried  out  according  to  the  method  described  for  the  liquid 
form  of  2-methyl-A^ -cyclohexene  carboxylic  acid,  gave  pentanetricarboxyllc  acid- 
-1,5#4  with  m.p.  177*5  this  gave  no  depression  in  a  mixed  test  with  the  specimen 
obtained  earlier. 

5.  The  Condensation  of  Piperylene  and  Ethylidenemsilonic  Ester 


25  g  of  ethylldenemalonlc  ester,  synthesized  by  the  method  of  Komnenos  [14] , 
18  g  of  piperylene  fraction,  and  0.2  g  of  hydroquinone  were  heated  in  sealed  tubes 
at  170-175“  15  hours.  After  three  fractional  distillations,  there  was  ob¬ 

tained  25.2  g  (74^  based  on  the  ethylidenemalonate)  of  the  diethyl  ester  of  2,6- 
dlmethylA^-cyclohexene-l,l-dicarboxyllc  acid.  It  was  a  transparent,  thick  liquid 
with  a  fresh,  pleasant  odor.  B.p.  125-124®  at  5  I56-I58®  at  11  mm;  n^°  l,46l9; 

d^o  1.0416.  llRj)  67.07.  Ci4H220,i  Calculated  MRq  67.49. 

0.5259  g  substance:  0.7840  g  CO2;  O.2525’ g  H2O. 

Found  C  65. 7I;  H  8.67. 

•Ci.iH2204.  Calculated  C  66.11;  H  8.7I. 

a)  Saponification  of  the  adduct.  A  solution  of  I5  g  of  the  adduct  in  45  ml 
of  a  25^  alcoholic  solution  of  caustic  potash  was  heated  on  the  water  bath  at  90“ 
for  8  hours.  After  cooling,  the  solution  was  diluted  with  water,  and  acidified 
with  dilute  hydrochloric  acid  (l:l).  The  crystalline  precipitate  which  separated 
out  was  filtered  off,  and  the  filtrate  evaporated  to  dryness  in  vacuum.  The  resi¬ 
due  was  extracted  with  dry  ether,  and  the  ether  removed  by  heating;  the  crystalline 
residue  was -then  united  with  the  acid  separated  earlier,  and  recrystallized  from 
ethylacetate  (acrylonitrile  was  a  good  solvent  for  the  recrystallization) ;  it  was 
obtained  in  the  form  of  prisms  with  m.p.  I88®  (with  decomp)  .  The  yield  of  2,6-di- 
cethyl-A^ -cyclohexene-1, 1-dicarboxyl ic  acid  obtained  was  4.5  g  (42/&). 

0.0972  g  substance:  0.2145  g  CO25  O.O615  g  H2O. 

Found  C  60.19;  H  7.06. 

C10H14O4.  Calculated  C  6O.59;  H  7*12. 

b)  4  g  of  the  dicarboxyllc  acid  was  heated  on  an  oil  bath  at  200®  until  no 
more  CO2  was  given  off.  There  was  obtained  2,6-dlmethyl-A^-cyclohexene  caiboxyiic 
ecid.  Upon  recrystalllzatlon  from  ethyl  acetate,  it  had  the  form  of  transparent 
yellowish  needles  with  m.p.  55-56“*  Yield  2.0  g  (70^), 

0.1215  g  substance;  O.5IO7  g  CO2;  O.O987  g  H2O. 

Found  ‘Jb:  C  69.86;  H  9*11* 

C9Hi402*  Calculated  C  70*105  H  9*15* 
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c)  1.5  g  of  the  mcnocarbcxyllc  acid  and  5  g  of  selenium  were  heated  in  a 
sealed  tube  at  560*  for  2k  hours.  The  contents  of  the  tube  were  fractionated  to 
give  a  3 Iquid  which  had  a  boiling  point  close  to  that  of  m-xylene  (132-I58®  at 
760  mm).  Tills  was  oxidized  by  means  of  an  alkaline. 3^  solution  of  potassium  perman¬ 
ganate  with  boiling  and  continuous  stirring.  The  manganese  dioxide  was  filtered 
off,  and  the  filtrate  concentrated  to  a  small  volume  and  acidified  with  dilute 
hydrochloric  acid  (l:l).  The  white  precipitate  which  formed  was  dried  and  had  m.p. 
'^kl-Jfk^’*  (in  a  sealed  capillary}  copper  block). 

A  mixed  test  with  Ispphthallc  acid  showed  no  depression. 

4.  Tlie  Condensation  of  Piperylehe  with  Benzalmalonic  Bster 

25  g  of  benzalmalonic  ester,  obtained  by  Allen’s  method  [15],  l4  g  of 
piperylene,  and  C.2  g  of  hydroquinone  were  heated  in  sealed  tubes  at  I9O®  for 
12  hours.  After  several  fractional  distillations,  it  was  possible  to  separate 
from  the  mixture  of  unreacted  benzalmalonic  ester,  dimer  of  piperylene,  and  tar, 

12.5  g  (39*5^  based  on  the  benzalmalonate)  of  the  diethyl  ester  of  2-methyl -6- 
phenyl-A^-cyclohexene-l,l-dlcarboxylic  acid.  This  was  a  colorless  oil  which 
refracted  light  very  strongly,  and  had  an  Indeterminate  weak  odor: 

B.p.  170-172“  at  4  mm}  n|°  I.5206}  d|°  I.IOO65  MRd  87. 40. 

C19H24O4  (=4.  Calculated  MR])  86.99. 

0.3290  g  substance:  O.8661  g  COgJ  0.2271  g  H2O. 

Found  C  71*80}  H  7*72. 

C19H24O4.  Calculated  C  72.12}  H  7*85* 

a)  Saponification  of  the  adduct.  A  solution  of  8  g  of  the  adduct  in  25  ml 
of  a  25^  alcoholic  solution  of  caustic  potash  was  heated  on  the  water  bath  at  90* 
for  12  hours.  Upon  cooling,  the  solution  was  diluted  with  water,  acidified  with 
dulute  hydrochloric  acid  (l:l)  and  cai^efully  extracted  with  ether.  After  removal 
of  the  ether  by  distillation,  the  residue  began  to  crystallize.  The  acid,  squeezed 
out  on  a  porous  plate  and  recrystallized  from  ethyl  acetate  (or  from  hot  acrylo¬ 
nitrile),  began  to  melt  at  I83"  with  the  evolution  of  C02*  It  consisted  of  color¬ 
less  needles,  difficultly  soluble  in  hot  water,  easily  soluble  in  methanol  and 
ethanol.  Yield  of  2-methyl -6-phenyl -A^-cylcohexene-l,l-dicarboxylic  acid, 

3.5  g  (3W* 

0.1116  g  substance:  O.2817  g  CO2}  O.O618  g  H2O. 

Found  C  68.^}  H  6.I9. 

C1SH16O4.  Calculated  C  69. 21}  H  6.19. 

b)  1  g  of  the  dlcarboxyllc  acid  was  heated  on  the  oil  bath  at  I90*  until 
no  more  CO2  was  given  off.  Tne  residue  was  in  the  form  of  a. viscous  syrup}  it 
could  not  be  made  to  crystallize.  A  silver  salt  was  obtained. 

0.084l  g  substance:  O.O28I  g  Ag. 

Found  Ag  33*^1* 

Ci4Hi502Ag.  Calculated  Ag  33*38. 

c)  2  g  of  the  dlcarboxyllc  acid  was  dehydrogenated  with  4  g  of  selenium 
in  a  sealed  tube  at  3^0“  for  24  hours.  A  fairly  viscous  liquid  was  obtained, 
with  an  ai’omatic  odor}  this  was  oxidized  by  heating  with  a  3^  alkaline  solution 
of  potassium  permanganate,  with  continuous  stirring.  After  filtration  of  the 
manganese  dioxide  the  filtrate  was  concentrated  to  a  small  volume  and  acidified 
with  dilute  hydrochloric  acid  (l:l).  The  precipitate  which  formed  was  recrystol- 
lized  from  dilute  alcohol}  it  melted  at  159~l8l* .  M.p.  of  3-phenylbenzoic  acid 
is  given  as  3.62“  [11). 
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5.  The  Gondeneatlon  of  Plperylene  arn^.Ethylldeneacetoacetlc  Ester 

l6  g  of  ethylldeneacetoacotlc  ester  obtained  by  Claisen's  [le]  method,  l4 
g  of  plperylene,  end  0.2  g  of  hydroqulnone  were  heated  at  l80®  for  l8  hours  In 
sealed  tubes.  After  separating  the  unreacted  components,  the  plperylene  dimer, 
and  the  tar,  several  fractional  distillations  gave  17  g  (7^^  cm  the  basis  of  the 
ethyildeneacetoacetlc  ester)  of  the  ethyl  ester  of  2,6-dlmethyl-l-acetyl-A^-cyclo- 
hexenecarboxyllc  acid.  This  was  a  colorless,  oily  liquid  with  a  turpentine  odor. 

B.p.  116-118’’  at  5  ram;  ng°  1.472^^;  df®  1.0326;  MRp  60.97- 

CiaHsoOsT  •  Calculated  IjRj):  61.23. 

0,1175  g  substance:  0.2995  g  CO2J  0.0942  g  HgO. 

Found  C  69.59;  H  8.98. 

C1AH20Q3.  Calculated  C  69. 6I;  H  8.99* 

7  g  of  the  adduct  was  saponified  with  10  ml  of  a  25^  alcohol  solution  of 
caustic  potash,  by  heating  on  a  water  bath  at  90“  for  6  hours.  After  cooling, 
the  solution  was  diluted  with  water,  and  the  oil  which  floated  on  top  was  extracted 
with  ether.  After  removal  of  the  ether  by  distillation,  2.1  g  (45^)  of  2,6-dl- 
methyl-l-acetyl-A^-cyclohexene  was  obtained.  It  was  a  colorless,  fluid  liquid 
with  a  mint  odor. 

B.p.  80-81®  at  12  mm;  n§®  1.4635;  d|°  0.9259;  MRjj  45.33. 

CioHiaO  Calculated  MRd  ^5*72. 

0.0914  g  substance:  0.2637  g  CO^i  0.0875  g  HgO. 

Found  C  78.69;  H  10. 71 
CioHioO.  Calculated  C  78.89;  H  10. 59. 

•  « 

The  semlcarbazone  Vas  obtained  by  Zeliqsky’s  method  in  the  fomu  of  small 

white  needles  from  dilute  alcohol;  .  m.p.  124®. 

0.1499  g  substance:  0.3477  g  CO2;  0.1232  g  H2O. 

Found  C  63.26;  H  9-19. 

O11H19ON3.  Calculated  C  63.12;  H  9-15. 

After  separation  of  the  ketone,  the  aqueous  layer  was  acidified  with  dilute 
sulfuric  acid.  It  was  noted  that  a  great  deal  of  CO2  vas  evolved-  The  viscous 
oil  which  separated  out  soon  began  to  crystallize.  After  removal  to  a  porous 
plate  and  recrystallization  from  dilute  alcohol,  the  acid.  In  the  form  of  small 
needles,  had  m.p.  ^6°  and  appeared  to  be  identical  with  the  2,6-dlmethyl-A^-cyclo- 
hexene-1 -carboxylic  acid  obtained  earlier,  for  a  mixed  test  gave  no  depression. 

The  silver  salt  was  obtained. 

0.0704  g  substance:  0.0291  g  Ag. 

Found  Ag  4l.34. 

CgHx302Ag.  Calculated  jo:  Ag  41.32. 

6.  The  Condensation  of  Plperylene  with  Benzalacetoacetlc  Ester 

16  g  of  benzalacetoacetlc  ester  obtained  by  Flurscheim’s  method  10  g 

of  plperylene,  and  0.1  g  of  hydroqulnone  were  heated  in  a  sealed  tube  at  I80®  for 
20  hours.  After  separation  of  unreacted  starting  materials,  plperylene  dimer and 
tar,  by  fractional  distillation,  two  fractions  were  obtained: 

1st:  B.p.  I65-I67®  at  4  ram;  n^*^  I.5288;  I.O98O  —  to  the  amount  of  9-5  g 
(44.5^  on  the  basis  of  benzalacetoacetlc  ester); 

2nd;  B.p.  107-171“  at  4  ram;  ng*^  I.53OO  -  5.O  g. 

The  first  fraction  appeared  to  be  the  ethyl  ester  of  2-methyl-6-phenyl-l- 
acetyl-A^-cyclohexene-l-c£irboxylic  acid.  It  was  a  viscous,  colorless  syrup  with 


83 


a  turpentine  odor: 

MRjj  80. 4l.  CieHsaOa  Calculated  MRjjt  80.72. 

0.1105  g  BulOstance:  O.5OU6  g  CO2;  0.0775  g  HgO. 

Found  C  75*18;  H  7-85. 

CisHssQa*  Calculated  C  75*^9;  H  7*7^» 

The  second  fraction  began  to  crystallize  after  a  month.  After  being  squeezed 
on  a  porous  plate  and  recrystallized  from  methyl  alcohol,  it  was  in  the  form  of 
transparent  prisms  with  m.p.  61®.  Yield  4.5  g  (20.5^  on  the  basis  of  benzalaceto- 
acetic  ester). 

0.i415  g  substance:  0.5902  g  CO2;  O.O988  g  H2O. 

Found  C  75-215  H  7-81. 

Ci8H2203-  Calculated  C  75-49;  H  7-74. 

Further  investigation  showed  that  the  cyrstalline  product  was  the  ethyl  ester 
of  5-JBiethyl-2-phenyl-l-acetyl-A‘*-cyclohexenecarboxyllc  acid. 

Saponification  of  the  adduct  (1st  fraction) .  A  solution  of  7  g  of  the 
adduct  was  saponified  with  10  ml  of  a  25^  alcoholic  solution  of  caustic  potash  on 
the  boiling  water  bath  for  6  hours.  The  solution  was  diluted  with  water  and  the 
oil  which  separated  out  was  extracted  with  ether.  After  removal  of  the  ether  by 
distillation,  there  was  obtained  1.4  g  (27^)  of  2-methyl-6-phenyl-l-acetyl-A^- 
-cyclohexene  with  b.p.  I5O-I56®  at  10  ram,  n^®  1.5501/  in  the  form  of  a  viscous 
liquid  with  a  camphor  odor. 

0.1015  g  substance;  O.5II2  g  CO25  0.0791  g  H2O. 

Found  C  85.785  H  8.74. 

CisHieO.  Calculated  C  84.O65  H  8.47. 

After  extraction  of  the  ketone,  the  aqueous  layer  was  acidified  with  dilute 
sulfiurlc  acid  (1:5).  2-methyl -6-phenyl-A^-cyclohexene-l-carboxylic  acid 

separated  out  in  the  form  of  a  viscous  syrup  whlcji  did  not  crystallize  upon  cooling 
to  -15®,  and  distilled  at  160-170"  (5  ram).  Yield  2.8  g  (551^).  The  silver  salt 
was  obtained; 

0.1055  g  substance:  0.0555  g  Ag. 

Found  Ag  55-52- 

Ci4ni502Ag.  Calculated  Ag  55-58. 

b)  2  g  of  the  acid  wes  dehydrogenated  with  4  g  of  selenium  in  a  sealed  tube 
at  5^0**  for  20  hours.  The  contents  were  extracted  with  ether.  After  removal  of 
the  ether  by  distillation,  there  remained  a  viscous  liquld5',  this  was  oxldized--by 
heating  with  a  5^  alkaline  solution  of  potassium:  permanganate,  with  continuous 
stirring.  The  manganese  dioxide  was  filtered  off,  and  the  filtrate  concentrated 
to  a  small  volume,  and  acidified  with  dilute  hydrochloric  acid  (l:l).  The  white 
precipitate  which  formed  was  recrystallized  from  dilute  alcohol5  it  had  m.p.  I58- 
160°  and  appeared  to  be  identical  with  the  5-'Phenylbenzolc  acid  obtained  earlier. 

c)  i>aponif Ication  of  the  adduct  (2nd  fraction^  A  solution  of  4  g  of  the 
adduct  in  10  ml  of  a  2^'p  alcohol  solution  of  caustic  potash  was  heated  on  the 
boiling  water  bath  for  4  hours.  The  solution  was  then  dilated  with  water  and  ex¬ 
tracted  with  ether.  After  removal  of  the  ether  by  distillation,  there  was  obtained 
0.8  g  (26^)  of  5-niethyl -2-.phenyl-l -acetyl- A*-cyclohexene,  in  the  form  of  an  oily 
liquid  with  a  turpentine  odor.  The  semicarbazone,  obtained  by  Zelinsky's  method, 
had  m.p.  195**  (from  methyl  alcohol). 

0.1196  g  substance:  0.5104  g  CO25  O.O86O  g  H2O. 

Found  C  70. 785  H  8.04. 

C16H21ON3.  Calculated  C  7O.825  H  7.8l. 


After  extraction  of  the  ketone,  the  aqueous  layer  was  acidified  with  dilute 
hydrochloric  acid  (l:l).  The  viscous  oil  which  separated  out  began  to  crystallize 
after  a  day;  the  crystals  were  squeezed  out  on  a  porous  plate  and  recrystallized 
from  aqueous  methyl  alcohol.  There  was  thus  obtained  2.1  g  (JO^)  of  3-methyl -2- 
-phenyl-A‘*-cyclohexene-l-carboxylic  acid  with  m.p.  83*. 

0.1104  g  substance:  O.3137  S  CO2}  0.0747  g  HgO. 

Found  C  77-^9}  H  7*57. 

Ci4Hi602i  Calculated  C  77-7^>  H  7.46. 

c)  1.8  g  of  the  acid  was  dehydrogenated  with  3  g  of  selenium  in  a  sealed 
tube  at  360®  for  20  hours.  The  contents  of  the  tube  were  extracted  with  ether; 
after  removal  of  the  ether  by  distillation,  a  yellowish  oil  v’as  obtained;  this 
was  oxidized  by  heating  and  shaking  continuously  with  a  3^  alkaline  solution  of 
potassium  permanganate.  The  manganese  dioxide  was  filtered  off  and  the  filtrate 
concentrated  to  a  small  volume  and  acidified  with  dilute  hydrochloric  acid  (itl). 

The  precipitate  which  settled  out  was  recrystallized  from  dilute  alcohol;  it  had 
m.p.  112-113®.  The  literature  gives  for  2-phenylbenzoic  acid,  m.p.  113.3-11^*5‘*  • 

SUMMARY 

1.  Addition  products  of  piperylene  with  acrylonitrile,  eicrolein,  ethylidene- 
mulonlc  and  ethylldeneacetoacetlc  esters,  benzyl idenemalonlc  and  benzylideneaceto- 
acetlc  esters,  have  been  obtained  by  the  diene  synthesis. 

2.  The  structure  of  these  addition  products  has  been  determined. 

3.  It  has  been  shown  that  the  manner  of  addition  to  piperylene  of  the 
dienes  mentioned  is  in  good  accord  with  the  directions  of  polarization  of  the 
piperylene  and  the  dieneophlle. 
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INVESTICAT‘IONS  ON  THE  TRANSFORMATION  OP  PINACONES  WITH 
SUBSTITUENT  ACETYLENE  RADICALS 

VII.;  SYNTHESIS  AND  TRANSFORMATION  OP  METHYL-DIPHENYL-TERTIARYBUTYLACETYL- 

ENYL  Bnr/LENE  GLYCOL 

E.  D.  VenuSrDanilova  and  L. .  A. .  Pavlova 


Organic  Chemistry  Laboratory  of  the  LensoTlet  Leningrad  Technological 

instltnte 

During  an  Investigation  of  the  Isomerization  of  dimethyl -phenyl -phenyl- 
acetylenyl  ethylene  glycol  (l)  (2-methyl -5^5-d.iphenylpentlne-ii-diol-2, 5)  into 
dimethyl-2, 4-diphenyl-2-hydroxy-dthydrofuran-2 ,5  (IV),  we  suggested  [i]  that  this 
transformation  proceeds  in  the  manner  of  the  acetylene -adlene  rearrangement,  with 
the  formation  at  first  of  an  unstable  hydroxyallene  (ll),  which  is  then  transformed 
into  an  unsaturated  Y-ketoalcohol  (ill),  and  finally  forms  a  ring  to  give  the 
substituted  hydroxy-dihydrofuran  (IV) : 


CHa 

>C0II-C0n-C»C-CeH5 


CH3-C0H-C =CH-C0-C6H5 

CHs  CeHs 


(III) 


CH3--(j;0H-C=C=C0tt-CeHs 

(II) 

C6H5*^=*'=CH 
CB3>\^  DH 


The  Y“ketoalftohol  (ill)  from  the  dimethyl -phenyl -phenylacetylenyl  ethylene 
glycol  (l)  could  not  be  detected,  and  the  single  product  of  the  reaction  was  the 
substituted  hydroxydihyidrofuran  (IV).-. 

Similar  results  were  also  obtained  with  dimethyl -p-tolyl -phenylacetylenyl 
ethylene  glycol  [2]. 

However,  by  substituting  the  tertlarybutylacetylenyl  radical  for  the  phenylr 
acetylenyl  radical,  i.e.,  by  using  dimethyl -phenyl -tertiary  butylacetylenyl  ethyl¬ 
ene  glycol  (2,6,6-trlmethyl-5-phenyl-heptine-4-diol-2,3) ,  the  corresponding Y-keto- 
alcohol  was  obtained  along  with  the  substituted  hydroxy  dihydrofuranj  their  recip¬ 
rocal  transitions  were  determined  under  the  catalytic  action  of  sulfuric  acid  [sj. 

As  a  result  of  the  isomerization  of  methyl -diphenyl -phenylacetylenyl  ethylene 
glycol  (2,5,5“‘triphenyl-pentine-4-diol-2,5)  there  was  also  found  an  unsaturated 
Y-ketoalcoholj  it  was  not  possible,  however,  to  obtain  this  in  pure  font,  as 
vacuum  distillation  caused  its  cleavage  into  acetophenone  and  benzalacetophenone . 

Considering  that  the  tertlarybutylacetylenyl  residue  of  dimethyl -phenyl - 
tertiory-butylacetylenyl  ethylene  glycol  stabilized  the  corresponding  Y-ketoalcohol 
[3],  we  decided  to  obtain  the  uni£5aturated  Y-ketoalcohol  by  Isomerization  o'f  methyl  di- 
phehyl.-tertiarybutylacetylenyl  ethylene  glycol  (2, 3-diphenyl -6, 6-dlmethylheptine- 
-dlol-2,3)  in  order  to  make  a  more  thorough  investigation  of  this  Interesting 
and  little  studied  class  of  unsat\n-ated  hydroxyke tones. 


In  order  to  obtain  the  unsaturated  Yf^etoalcohol,  we  synthesized  methyl- 
diphenyl-tertiarybutylacetylenyl  ethylene  glycol  (V)  and  treated  it  under  the  usual 
conditions  with  sulfuric  acid)  we  thus  Isolated  a  liquid  substance  which  upon  dis¬ 
tillation  in  vacuuTu,  in  contradistinction  to  the  Y-ketoalcohol  which  had  been 
studied  earlier  [4],  2,5,5-triphenyl-pentene-3-ol-2-one-5,  did  not  undergo  ketone 
c.eavage,  but  gave  up  water  and  was  transformed  into  the  diene  ketone  —  2,5-dlphenyl- 
6, 6-dime thyl-»heptadlene-l,3“One-5  (VIIl) . 

Consequently,  the  individual Y  -ketoalcohol  (VIl)  was  not  successfully  iso¬ 
lated  in  this  case  either.  „  _  , 

tsHs 

_  cHa-co-CT - (C%  )3 

(VI) 


CHa 

C0H5~KjIOH 

CqH5-C0H<^ 


CHg 


? 


c 

C(CH3)3 


(V) 


1 

CeHs-C-OH  — ^ 
'^CeHs-jC 

CeHs-S!; 

CeHs-^ 

CH 

1 

CH 

1 

f 

0(053)3 

0(013)3 

(VII) 

(VIII) 

The  original  plnacone,  2, 3“<ilphenyl -6, 6-dimethyl -heptine-4-dlol-2, 3  (v) 
was  synthesized  in  the  usual  way  and  was  characterized  by  greater  stability  than 
was  ascribed  in  a  preceding  communication- to  2,3,5“'t>rip^eiiyl-pentlne-4-diol-2,5 
(sym. -methyl -diphenylphenylacetylenyl  ethylene  glycol)  [4],  as  upon  heating  in  vac¬ 
uum  cleavage  took  place  to  only  a  small  degree,  sind  the  main  portion  of  the  product 
distilled  without  decomposition.  In  this  case,  the  great  volatility  of  the  pina- 
cone  was  ascrlbable  to  the  tertiiirybutylacetylenyl  residue. 

The  plnacone  which  had  been  synthesized  underwent  the  pinacoline  and  acetyl- 
ene-allene  transformations  under  the  action  of  both  20  and  30^  sulfuric  acid. 

As  a  result  of  the  pinacoline  rearrangement,  a  ketone  of  the  acetylene 
series,  3^3-d.lphanyl-6,6-dimethyl-heptine-4-one-2  (Vl)  was  obtained;  its  structure 
was  established  by  its  oxidation  to  give  a  mixture  of  acetic,  benzlllc,  and  trl- 
methylacetlc  acids,  and  benzophenone ,  which  was  a  product  of  the  further  oxidation 
of  benzilic  acid: 


CH3 

CO 

1 

COOH 

CaHs 

- > 

►  CeHs-COH-CeHs 

- >  CO 

1 

1 

C 

III 

COOH 

CeHs 

Ml 

C 

COOH  • 

1 

C(CH3)3 

(VI) 

1 

C (CH3)3 

Consequently,  in  this  case,  as  in  the  cases  of  all  the  pinacones  previously 
investigated  by  us,  the  greatest  mobility  was  possessed  by  the  hydroxyl  group 
attached  to  the  caibon  atom  which  was  bound  to  the  acetylene  residue  of  the  plnacone. 

At  a  higher  concentration  of  acid,  the  yield  of  ketone  was  increased;  thus. 


with  20^  sulfuric  acid,  the  yield  amounted  to  10.9^,  and  vlth  50^,  rose  to  44.8^  of 
theory. 

The  acetylene -allene  rearrangement  took  place  alongside  the  plnacoline,  and 
led  to  on  unstable,  unsaturated  y-hetoalcohol,  2, 5-diphenyl -6, 6-dlniethyl -heptene- 
5_ol-2-one-5  (VIl) . 

In  this  case,  we  find  coiapletely  applicable  the  scheme  of  rearrangement  sug¬ 
gested  for  methyl -diphenyl -phenylacetylenyl  ethylene  glycol  in  a  preceding  com¬ 
munication  [4]j  this  takes  place  through  the  medium  of  an  organic  cation,  whose  two 
mesomeric  forms  give  from  the  beginning  two  reactions,  which  take  place  pareillel 
to  each  other. 

As  has  already  been  noted,  the  unsaturated  y -ketoalcohol  (VIl)  has  been 
shown  to  be  unstable,  despite  the  fact  that  upon  distillation  under  reduced  pres¬ 
sure  it  did  not  split  into  acetophenone  and  an  unsaturated  ketone,  like  the  2, 3,5- 
triphenyl  -pentene-5-ol-2-one-5  (4]  investigated  earlier,  but  gradually  gave  off 
water  in  vacuum,  to  form  a  diene  ketone,  2, 3-diphenyl -6, 6-dlmethyl-heptadiene-l, 3- 
-one-5  (VIIl).  This  diene  ketone  was  isolated  in  pure  form  by  the  action  of 
acetic  anhydride  upon  the  mixture  of  unsaturated  y -ketoalcohol  and  diene  ketone, 
and  was  characterized  in  the  form  of  its  semlcarbazone . 


The  oxidation  of  the  mixture  of  these  two  substances  gave  acetophenone, 
benzoic,  and  trine thy Ipyruvlc  acid,  showing  the  presence  of  the  imsaturated  Y-keto- 
alcohol  (VIl),  and  in  addition  it  gave  berizil  and  formic  acid,  which  because  of  the 
presence  of  the  trimethylpyruvic  acid  corresponded  to  the  diene  ketone  (VIIl): 
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CeHs-OOH 
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CeHs-^  — > 
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(VII)  (VIII) 

The  literature  gives  the  tendency  of  different  alcohols  to  undergo  dehy¬ 
dration.  Dehydration  takes  place  with  especial  ease  with  a-ethylene  alcohols, 
which  split  off  water  even  upon  distillation  in  vacuum  [s]. 

The  difference  in  the  behavior  upon  heating  of  the  two  Y-ketoalcohols  in¬ 
vestigated  —  the  ketone  cleavage  of  2,3,5-trlphenyl-peatene-3-ol-2-one-5  [4]  and 
the  dehydration  of  2, 5-diphenyl-6, 6-dimethyl -heptene-3-ol-2-one-5  —  is  not  due 
to  their  structure  (t^e  CeE5  and  C(CHa)3  residues)  but  can  be  explained  by  means 
of  the  conditions  of  experiment,  as  according  to  the  data  of  Grxgnerd  and  Chambret 
[5],  one  and  the  same  alcohol  may  be  changed  in  either  direction,  depending  upon 
the  degree  of  heating.  At  a  lower  temperature  dehydration  takes  place,  at  a  hi^er 
the  ketone  cleavage  occurs. 

We  must  note  that  among  the  products  of  the  •transformation  of  methyl-di- 
phenyl-tertlarybutylacetylenyl  ethylene  glycol,  almost  no  substituted  hydroxydl- 
hydrofuran  was  observed  as  a  product  of  ring-formation  by  the  unsubstituted 
y -ketoalcohol;  similarly,  under  the  action  of  30^  sulfuric  acid,  despite  the  fact 
that  fluorescence  of  the  acid  solution  was  observed  as  a  result  of  the  formation 
of  an  oxonium  salt,  upon  neutralization  of  the  solution,  only  negligible  traces 
of  the  compound  could  be  separated;  in  the  case  of  the  20^  acid,  the  fluorescence 
was  in  general  very  weak. 
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Of  all  the  plnacones  ve  Investigated,  methyl-diphenyl -tertlarybutylacetyl- 
enyl  ethylene  glycol  (V)  gave  the  smallest  yield  of  substituted  hydroxydihydro- 
furan  under  the  action  of  sulfuric  acid  (inner  partial  ketol),  -while  dimethyl- 
phenyl -pheny  lace  tylenyl  ethylene  glycol  (l)  [o]  vas  completely  transformed  into 
a  substituted  hydroxydliiydrofuran  (IV).  As  has  been  noted  above,  the  transformation 
frdm  a  plnacone  to  a  substituted  hydroxydlhydrofuran*  takes  place  by  -way  of  the  un¬ 
saturated  Y -ketoalcohol,  whose  tendency  to  ring-formation,  in  the  manner  of  forma¬ 
tion  of  an  acetal,  determines  the  yield  of  hydroxydlhydrofuran. 


Upon  comparing  the  s-tructure  of  the  three  intermediate  Y-ketoalcohols 
(IX,X,XI): 
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it  was  found  that  upon  substitution  of  the  phenyl  which  was  next  to  the  carbonyl 
group  by  tertiary  butyl,  the  tendency  to  ring-formation  was  diminished  (IX  eind 
X),  Just  as  it  -was  diminished  by  substituting  one  of  the  methyl  groups  on  the 
alcohol  carbon  by  phenyl  (X  and  Xl) • 

This  observation  of  ours  is  in  agreement  -with  the  results  of  the  work  of 
Adkins  [7]^  who  investigated  the  equllbrium  mixtures  of  aldehydes  and  alcohols 
with  their  acetals.  He  found  that  the  substitution  of  phenyl  in  the  aldehyde  by 
an  aliphatic  radical  with  a  branched  carbon  chain  led  to  the  lowering  of  the 
acetal  content  in  the  equilibrium  mixture.  Just  as  did  the  substitution  of  the 
aliphatic  residue  on  the  alcohol  carbon  by  phenyl. 


.  EXPERIMENTAL 

1.  Synthesis  of  I^thyl-diphenyl-te.rtlarybutylacetylenyl  Ethylene  Glycol 

As  starting  materials  to  obtain  this  glycol,  we  used  methylbenzoin  and 
tertiary  butylacetylene. 

Methylbenzoin  was  obtained  from  benzil  and  methylmagnesium  iodide  [a]  in 
a  yield  of  of  theory;  m.p.  65-66“  [e].  Tertiorybutylacetylene  was  synthe¬ 

sized  from  pinacone  hydrate,  by  way  of  plnacoline  and  the  corresponding  chloride  [loj. 

Yield  '^0$,  calculated  on  the  basfs  of  pinacoline;  b.p. 

* 

To  tertlarybutylacetyienyl  magnesium  bromide,  jprepared  in  the  usual  way, 
ani  ether  solution  of  methyl  benzoin  vas  added  drop  by  drop,  with  vigorous  stirring. 
The  mixture  was  allowed  to  react  for  three  days,  jDeing  .stirred  continuously  for  2 
days  at  ordinary  temperature,  and  heated  ?6r  1  day  with  gentle  boiling  of  the  ether. 
After  decomposition  with  water  and  dilute  acid,  the  compound- vas  extracted  with 
ether,  an^  the  ether  extract  was  washed  with  a  solutlpn  of  soda  in  water  and  dried 
over  sodium  sulfate.  After  the  ether  had  been  removed  by  distillation’,  there  re¬ 
mained  a  viscous,  transparent  liquid  with  a  bright  yellow  color. 

Four  experiments  for  the  synthesis  of  the  plnacone  were  carried  out.  From 
22  g  of  magnesium,  7^  S  of  tertlorybutyl  acetylene,  and  85. 1  g  of  methylbenzoin, 

105  g  of  crude  pinacone  were  obtained. 

The  thick,  very  viscous  substance  obtained  vas  distilled  in  vacuum  at  2  mm. 
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pressure j  It  boiled  at  16O-I65® ' (most  of  it  at  161®);  During  distillation,  the 
formation  of  a  small  low-boiling  fraction  was  observed;  this  contained  acetophenone, 
characterized  by  means  of  its  semlcarbazone.  Upon  standing  for  a  year  and  a  half, 
the  chief  fraction  began  to  crysta^izej  the  melting  point  of  the  crystals  was 
53-55°*  The  yield  of  pure  product  was  68  g.,  or  59/^'.  of  theory,  calculated  on  the 
basis  of  the  original  methylbenzoin. 

Analysis  of  pinacone  with  b.p.  l60-l65°  at  2  mm: 

0.1259  g  substance;  0-5775  g  CO25  O.O872  g  H2O. 

0.1255  g  substance:  0.5750  g  CO2;  O.O89I  g  H2O. 

Found  C  8I.77,  8I.69;  H  7-70,  7-90. 

C2iH2402-  Calculated  C  8I.8I5  H  7-79» 

Determination  of  molecular  weight; 

0.5085  g  substance:  19. I8  g  CeHe:  At  0.45®. 

Found:  .M  ,  294.6 
C2iH2402-  Calculated:  M’  508. 

Determination  of  number  of  hydroxyl  groups,  according  to  Terentyev. 

0.0676  g  substance:  10.8  ml  CH4  (13° ^  759  mm). 

”  Found:  Vq  9-95  111I5  ^  OH  11. 16. 

C2iH22(0H)2-  Calculated:  Vq  9-85  ml;  ^  OH  11. 05. 


Upon  heating  the  pinacone  with  freshly  calcined  potash  [^^],  an  acetylene 
hydrocarbon  was  observed,  causing  turbidity  in  an  ammoniacal  solution  of  silver 
oxide. 

I 

2.  Action  of  Sulfuric  Acid  on  Methyl -diphenyl -tertiarybutylacetylenyl 

Ethylene  Glycol 

Experiment  1.  A  mixture  of  ^0  g  of  pinacone  and  a  10-fold  amount  of 
sulfuric  acid  was  heated  to  boiling  with  vigorous  stirring  for  3  hours.  The  aque¬ 
ous  solution  was  weakly  fluorescent,  and  an  oily  layer  separated  out  on  the  sur¬ 
face.  Two  ether  extracts  were  made  of  the  cooled  solution:  one  of  the- acid  solution 
one  after  neutralization- -vJ-fth  a  soda  solution.  Both  ether  extracts  were  dried  over 
sodium  sulfate. 

After  removal  of  the  ether  from  the  extract  of  the  aeld  solution  by  dis¬ 
tillation,  there  was  obtained  a  thick  dai-k  yellow  oil  (27  g),  in  which  crystals 
soon  began  to  form.  After  separation  from  the  oil  and  washing  on  a  porous  plate 
with  petroleum  ether,  the  crystals  were  recrystallized  from  hot  petroleum  ether; 
they  melted  at  79-80®.  By  this  method,  11.2  g  (44.8^,  assuming  the  substance  to 
be  the  ketone)  of  a  white  finely  crystalline  substance  was  obtained.  This  gave 
no  reaction  for  hydroxyl  groups,  and  did  not  decolorize  a  cold  solution  of  potas¬ 
sium  permanganate.  The  oiiy  substance  which  remained  after  separation  of  the 
crystals  gave  off  a  copious  quantity  of  blistering  gas  under  the  action  of  methyl 
magnesium  iodide,  quickly  decolorized  a  solution  of  potassium  permanganate,  and 
reacted  with  a  solution  of  bromine  in  chloroform.  The  yield  of  liquid  material 
was  15  g  (or  50^  IT  ve  assume  it  to  be  unsaturated  Y-ketoalcphol) . 

Upon  removal  by  distillation  of  the  ether  from  the  extract  of  the  neutral 
solution,  a  small  amount  of  material  was  obtained,  insufficient  for  investigation. 

Experiment  2..  11. 7  g  of  the  glycol  was  treated  with  20^  sulfuric  acid  under  ’ 
the  same  conditions  as  in  the  preceding  experiment.  There  was  hardly  any  fluores¬ 
cence;  10.6  g  of  an  oily  liquid  was  separated  from  the  acid  ether  extract.  After 
several  days,  about  1.2  g  of  crystalline  substance  separated  out  of  this,  with 
m.p.  79-80®,  Yield  10.9'j{>,  assuming  the  material  to  be  ketone, 

Ihe  liquid  remaining  after  separation  of  the  crystalline  product  was  observed 


to  have  the  same  properties  as  the  liquid  obtained  in  the  1st  experiment.  The 
ether  extract  from  the  neutralized  solution  did  not  contain  any  product. 


5.  The  Acetylenyl  Ketone,  3>3-niphenyl-6y6-dimethyl-heptine-4-one-2  (Vl) 

The  substance  with  m.p.  79-80®  was  very  soluble  in  ether,  benzene,  alcohol, 
acfcitone,  and  pyridine,  and  slightly  soluble  in  petroleum  ether.  It  formed  a  seml- 
carbozone  with  m.p.  202-205®. 

Analysis  of  the  compound  with  m.p.  79“SO“s 

0.1224  g  substance:  O.389O  g  CO25  0.0854  g  H2O. 

0.1149  g  substance:  O.365O  g  CO2)  0.0795  g  H2O. 

Found  C  86.67,  86.635  H  7*66. 

C21H22O.  Calculated  C  86.89;  H  7*58. 

Determination  of  the  molecular  weight; 

0.4624  g  substance:  17.26  g  CaHe:  At  6.5®. 

Found:  M  268 . 

C21H22O.  Calculated:  M  29O. 

Analysis  of  the  seuiicarbazone  with  m.p.  202-205*: 

0.1494  g  substance:  O.4165  g  CO2;  O.O962  g  H2O. 

0.1399  g  substance:  l4.9  nil  N2  (22®’,  759*5  nm) . 

0.1233  g  substance:  13*1  nil  N2  (22®,  750*5  nim) . 

Found  C  76.03;  H  7*15;  N  12.31,  12. l4. 

C22H25ON3.  Calculated  C  76.O8;  H  7*20;  N  12.10. 

According  to  these  data,  the  substance  with  m.p.  79-80®  was  the  ketone. 

To  determine  the  structure  of  this  substance,  it  was  oxidized  with  a  solu¬ 
tion  of  potassium  permanganate. 

Oxidation  of  the  substance  with  m.p.  79-80®.  The  oxidation  was  carried  out 
in  a  water -pyridine  solution.  For  purposes  of  oxidation,  4  g  of  the  substance  was 
taken,  and  5.8  g  of  potassium  permanganate  (based  on  the  calculation  of  8  molecules 
of  KMn04  to  3  molecules  of  ketone).' 

To  the  solution  of  4  g  of  ketone  in  95  ®1  of  pyridine  was  added  a  solution  of 
3  g  of  potassium  permangaimte  in  110  ml  of  water,  preheated  to  40® .  After  5  hours 
of  vigorous  stirring,  the  remaining  2.8  g  of  potassium  permanganate,  in  the  form 
of  small  portions  of  a  fine  powder,  was  sprinkled  into  the  dark  brown  solution. 
Stirring  was  continued  for  33  hours  in  all,  the  last  3  hours  with  heating  to  40- 

50®. 

After  the  end  of  the  oxidation,  the  manganese  dioxide  was  filtered  off  from 
the  liquid,  washed  twice  with  small  amounts  of  water,  and  extracted  several  times 
with  ether.  The  ether  extract  contained  the  original  ketone  to  the  amount  of  1.3 
g,  with  m.p.  78-80®  (it  gave  no  depression  of  the  melting  point  in  a  mixed  test  with 
the  original  substance). 

From  the  filtrate,  to  which  the  wash  water  had  been  added,  the  excess  of 
solvent,  together  with  neutral  products  of  oxidation,  were  distilled  off  by  heating 
gently  on  the  'bDlllng  water  bath.  The  pyridine  of  the  distillate  was  combined 
with  the  calculated  quantity  of  sulfuric  acid,  and  that  peirt  of  the  neutral  pro¬ 
duct  of  reaction  which  was  volatile  with  steam,  extracted  with  ether.  After  re¬ 
moval  of  the  ether  by  distillation,  0.2  g  of  a  quickly  solidifying  oil  was  obtained. 
The  melting  point  of  the  crystalline  substance,  which  appeared  to  bej  benzophenone, 
was  47-48® j  mixed  with  a  known  stimple  of  benzophenone,  it  gave  no  lowering  of  the 
melting  point.  A  semlcarbazone  was  obtained  with  m.p.  I65-I66®,  corresponding  to  the 
seuiicarbazone  of  benzophenone. 


92 


The  neutral  product  of  oxidation,  not  volatile  with  steam,  was  extracted 
with  ether.  After  removal  of  the  ether,  there  was  obtained  an  oil  (0,6  g),  part 
of  which  began  to  crystallize.  The  crystalline  mass  was  washed  with  alcohol  on 
a  porous  filter  plate.  The  purified  substance  (O.25  g)  was  the  original  ketone 
(mixed  test),  and  the  product  soluble  in  alcohol  was  benzophenone  (mixed  test). 

To  separate  the  acid  products  of  oxidation,  the  solution  containing  the 
salts  of  organic  acids  ■vrtiich  remained  after  separation  of  the  neutral  products 
was  concentrated  on  the  water  bath  euid  decomposed  with  dilute  sulfuric  acid.  The 
volatile  acids  were  driven  off  by  heating  and  collected  in  two  fractions,  which 
were  transformed  into  the  silver  salts  by  boiling  with  freshly  prepared  silver 
carbonate...  By  pexrtial  recrystallizatlon,  the  salt  was  separated  into  several 
fractions,  in  which  the  percentage  of  silver  was  determined. 

Analysis  of  the  salts  from  distillate  I: 

1st  fraction:  O.O956  g  salt:  O.OU98  g  Agj  ^  Ag  52. 09. 

5rd_ fraction:  0.1551  g  salt:  0.0755  g  Ag:  ^  Ag  55- 15* 

4th  fraction:  0.1215  g  salt:  0.0755  g  Agj  ^  Ag  6l.l4, 

Analysis  of  the  salts  from  distillate  II: 

1st  fraction:  O.D817  g  salt:  0.0425  g  Agj  ^  Ag  51»T7« 

5rd  fraction:  O.III5  g  salt:  0.0649  g  Ag;  ^  Ag  5Q*31. 

5th  fraction:  0.1212  g  salt;  O.O781  g  Ag;  ^  Ag  64,44, 

(CH3)3  COOAg.  Calculated  Ag  51*67  • 

CHaCOOAg.  Calculated  Ag  64.65, 

Therefore,  the  first  distillate  fractions  (mostly  the  first)  contained  the 
trimethylacetic  acid,  and  the  later  ones,  acetic  acid. 

The  acids  which  were  not  volatile  with  steam  were  extracted  with  ether 
after  the  removal  of  the  volatile  acids.  The  residue  after  distillation  of  the 
ether  gave  a  clear  red  color  with  sulfuric  acid;  this  is  characteristic  of  benz- 
ilic  acid.  The  residue  was  dissolved  in  absolute  ether  and  saturated  with  dry 
ammonia.  The  ammonium  salt  was  transformed  into  the  silver  salt,  which  was 
analyzed. 

0.099^  g  substance:  O.I85O  g  CO2;  O.O518  g  H2O. 

0.0902  g  substance:  0.0298  g  Ag. 

Found  C  50.21;  H  5-495  Ag  52.59* 

Ci4Hii03Ag.  Calculated  C  5O.OI;  H  5*28;  Ag  52.24. 

The  data  obtained  correspond  to  benzilic  acid.  • 

Thus,  on  the  basis  of  the  products  of  oxidation  -*  acetic,  trimethylacetic, 
and  benzilic  acids,  and  benzophenone,  we  may  ascribe  to  the  ketone  the  structure 
corresponding  to  dlphenyl-tertiarybutylacetylenyl-acetyl  methane  (5,3-diphenyl- 
6, 6-dimethyl -heptine-4-one-2) , 


4.  The  Unsaturated  y-Ketoalcohol ,  2.5“Dlphenyl-6,6-dl- 


Tlie  liquid  oily  substance  that  remained  in  experiments  I  and  II  after  the 
separation  of  the  crystalline  ketone  gave  the  reaction  for  the  hydroxyl  group,  and 
had  an  unsaturated  character. 

Upon  vacuum  distillation  at  5-5  1^;  the  liquid  (obtained  by  the  action  of 
50^  sulfuric  acid;  experiment  l)  gave  three  fractions;  there  was  a  great  deal  of 
tar  in  the  residue.  The  middle,  largest  fraction,  with  b.p.  16O-I66®  (5.5  mm) 
c 7ntalned  a  substance  which  had  a  content  of  84.75^  in  carbon,  while  the  content 
for  the  unsaturabed  Y-ketoalcohol  corresponded  to  Sl.Sl'jt  carbon,  and  for  the  pro¬ 
duct  of  the  latter’s  dehydration,  to  86.8950*  A  determination  of  thehydroxyl  groups 
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by  Terentyev’s  method  gave  4.87^  hydroxyl,  whereas  theory,  calculated  on  the  basis 
of  one  hydroxyl  in  the  unsaturated  y-ketoalcohol,  required  the  molecular 

weight,  determined  by  the  cryoscopic  method,  was  305*8. 

The  oily  liquid  (IO.5  g)  obtained  by  the  action  of  20^  sulfuric  acid  on 
the  plnacone  (experiment  II),  was  also  subjected  to  distillation  in  vacuum  at  2 
mm.  The  first  fraction,  with  b.p.  I36-I58®,  upon  analysis  for  carbon,  also  had 
a  higher  carbon  content  (84.17^)  than  the  theory  required. 

This  .fraction  was  distilled  several  times  in  vacuum,  and  in  every  case, 
considerable  frothing  of  the  liquid  was  noticed}  low-boiling  fractions  were  ob¬ 
tained,  with  a  vide  boiling  range,  and  a  considerable  quantity  of  tar-formation 
was  accompanied  by  an  increased  percentage  of  carbon  after  each  distillation. 

The  vacuum  distillation  was  therefore  unsuccessful  in  separating  individual 
products,  as  in  the  process  of  distillation,  the  compound  changed,  apparently 
giving  off  water. 

In  order  to  determine  the  composition  of  this  mixture,  we  subjected  to 
oxidation  the  fraction  that  boiled  at  l40-150®  at  2  mm  pressure  and  had  an  average 
carbon  content  of  84  to  85^. 

Oxidation  of  the  liquid  substance  with  b.p.  l40-130°  at  2  mm.  We  took  5*3 
g  of  the  substance  and  10.4  g  of  potassium  permanganate  in  the  form  of  a  2^  aque¬ 
ous  solution  (this  was  1.3  S  excess  of  the  theoretical  quantity  calculated  for 
the  unsaturated  ketoalcohol) .  The  oxidation  took  place  at  room  temperature  upon 
energetic  stirring  for  12  hours,  followed  by  4  more  hours  at  40®.  Complete  de- 
colorlzation  was  not  attained.  The  solution  was  decolorized  with  sodium  sulfite 
slightly  alkallnized  with  soda,  and  filtered  off  from  the  manganese  dioxide.  The 
filtrate  and  the  manganese  dioxide  were  extracted  with  ether,  and  the  latter  dis¬ 
tilled  off}  the  yellow  oily  substance  was  fractionally  distilled  with  steam. 

Ether  extracts  were  made  of  the  7  fractions  obtained.  The  residue  which  did  not 
distill  over  with  steam  was  also  extracted  with  ether. 

After  removal  of  the  ether  by  distillation,  the  1st  and  2nd  fractions  gave 
acetophenone,  characterized  by  means  of  its  semlcarbazone,  with  b.p.  200-201®} 
this  gave  no  lowering  of  the  melting  point  in  a  mixture  with  a  known  sample  of 
acetophenone  semlcarbazone.  The  smallest  fractions  —  the  3rd  and  4th  —  also  gave 
a  semlcarbazone  of  acetophenone,  but  less  pure.  The  total  quantity  of  aceto¬ 
phenone  amounted  to  0.8  g. 

After  removal  of  the  ether  by  distillation,  the  5bh,  6th,  and  7th  frac¬ 
tions  gave  a'ysllow  oil,  which  solidified  into  a  mass  of  yellow  needles.  The 
residue,  which  did  not  distill  over  with  steam,  after  distillation  of  the  ether, 
also  solidified  to  give  .  yellow  needle-shaped  crystals.  After  recrystallization 
froiTi  alcohol,  .the  substance  was  obtained  in  the  form  of  small  yellow  needles, 
which  melted  at  94-95'*  #  gave  no  lowering  of  the  m.p.  with  a  known  preparation 
of  bsnzil,  and  showed  the  characteristic  qualitative  reaction  for  benzil  —  a 
purplish  red  color  upon  heating  an  alcoholic  solution  with  concentrated  alkali 
solution.  The  total  amount  of  benzil  isolated  was  1  g. 

Tlie  acid  products  of  oxidation,  separated  in  the  usual  manner  by  acidifi¬ 
cation  with  dilute  sulfuric  acid,  contained  benzoic  acid,  which  was  isolated  in 
solid  form  as  a  light  white  mass.  After  sublimation  it  melted  at  119-120®,  and 
gave  no  lowering  of  the  melting  point  with  a  known  sample  of  benzoic  acid.  In 
addition  to  the  benzoic  acid,  traces  of  fonaic  acid  were  observed  in  the  first 
distillate  when  the  acid  w'ns  removed  by  boiling.  This  distillate  caused  cloudi¬ 
ness  in  a  saturated  solution  of  mercuric  chloride,  gave  a  precipitate  insoluble 
in  alcohol  with  lead  nitrate,  and  a  blackening  of  the  precipitate  with  an  ammon- 
iacal  solution  of  silver  oxide  upon  heating.  The  silver  salt  of  the  following 


fractions  darkened  considerably  vben  their  solutions  were  concentrated,  so  that 
It  was  Impossible  to  analyze  them. 

The  acids  which  were  non-volatlle  with  steam  were  extracted  with  ether, 
and  eifter  the  latter  was  removed,  appeared  as  a  thick  liquid  which  solidified 
after  standing  In  a  desslcator  for  2  months.  The  melting  point  of  the  crystals 
was  87.5-89®.  According  to  the  literature  [12],  trimethylpyruvlc  acid  melts  at 

90-91® . 

A  part  of  the  crystals  were  transformed  by  way  of  the  ammonia  salt  Into 
the  silver  salt,  which  was  analyzed. 

0.1304  g  salt;  0.0592  g  Ag 
0.0804  g  salt;  0.0368  g  Ag. 

Found  Ag  45.39,  45.77- 

CeKbOoAg.  Calculated  Ag  45.57. 

Another  part  of  the  acid  was  treated  In  a  solution  of  methyl  alcohol  with 
hydrazine  hydrate;  the  evolution  of  heat'was  observed,  and  a  yellow  product  separ¬ 
ated,  which  after  r eery stalllzat Ion  from  hot  methyl' alcohol  melted  at  203-204®. 
According  to  the  literature  [is],  the  azlne  of  trimethylpyruvlc  acid  melts  at 

207® . 

Acetophenone  and  benzoic  acid  could  be  formed  by  the  oxidation  of  an  un¬ 
saturated  Y -^tetoalcohol  and  benzil  and  formic  acid  by  the  oxidation  of  a  diene 
ketone;  trimethylpyruvlc  acid  could  be  obtodned  by  oxidation  of  either  substance. 

The  products  of  oxidation  obtained  give  reason  to  conclude  that  the  unsat¬ 
urated  Y-ketoalcohol  Is  an  unstable  substance  and  that  it  gradually  evolves  water 
during  vacuum  distillation,  forming  a  mixture  of  ketoalcohol  and  diene  ketone. 

5.  The  Diene  Ketone,  2,3~Dlphenyl-6,6-dlmethyl-heptadlene-C 
-l,3-one-5  (VIIl) 

In  view  of  the  fact  that  the  Y-ketoalcohol  evolved  water  upon  distillation 
in  vacuum,  and  was  transformed;  into  a  diene  ketone,  It  was  decided  to  dehydrate 
the  ketoalcohol  by  means  of  acetic  anhydride.  For  this  purpose,  ^  g  of  the  liquid 
obtained  by  the  action  of  sulfuric  acid  upon  pinacone  was  mixed  with  an  equal 
volume  of  acetic  anliydrlde  and  heated  on  an  oil  bath  to  155“  I.5  hours.  The 

excess  of  acetic  anhydride  was  decomposed  with  water,  and  the  heavy  dark  mass 
which  separated  on  the  bottom  of  the  flask  was  extracted  with  ether.  After  re¬ 
moval  of  the  ^ther  by  distillation,  the  residue  was  distilled  in  vacuum  at  I56- 
159“  (5*5  ™n)  •  Yield,  2.4  g;  there  was  considerable  tar  in  the  residue.  ’ 

The  light-yellow,  fluid  liquid  obtained  quickly  decolorized  on  aquqous 
solution  of  potassium  permanganate,  gave  off  no  gas  under  the  action  of  methyl- 
magnesium  ‘^odide,  and  gave  a  semicarbazone  in  the  form  of  excellently  shaped  crys¬ 
tals  with  m.p.  204-205®.  A  mixed  test  with  the  semicarbazone  of  the  acetylene 
ketone  gave  a  lowering  of  the  melting  point. 

Analysis  of  the  substance  with  b.p.  I56-I59®  at  3-5  non; 

0.1004  g  substance;  0.5192  g  CO2J  O.O683  g  HgO. 

Found  C  86. 7I;  H  7-56. 

C21H22O.  Calculated  C  86.89;  H  7.58.- 

Analysis  of  the  semicarbazone  with  m.p.  204-205®. 

0.1232  g  substance:  13. 1  ml  N2  (I8®,  765  mm). 

0.0961  g  substance:  10. 5  ml  N2  (19“>  748  mm). 

Found  U  12. 30,  12.30. 

C22H2SON3.  Calculated  N  12.10. 
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According  to  the  analytical  data,  the  substance  with  b.p.  I56-I59®  at  3.5 
ran  vas  the  unsaturated  ketone,  2,3-diphenyl -$,6-diiaethyl-heptadiene-l,5-one  5. 

In  order  to  conflmtlie. structure  of  the  diene  ketone,  1.2  g  of  the  subs¬ 
tance  vas  oxidized  with  potassium  perzoanganate  (13O  nil  of  2^>  solution)  at  room 
temperature,  vlth  vigorous  stirring,  browning  of  the  solution  took  place  very 
rtilckly,  and  the  oxidation  vas  completed  in  4  hours)  a  deposit  of  crystalline 
material  was  formed  on  the  vails  of  the  flask.  The  manganese  dioxide  was  filter¬ 
ed  off,  and  the  precipitate  and  filtrate  then  treated  vlth  ether.  After  removal 
of  the  ether,  yellow  crystalline  substance  was  obtained  (0.6  g)  with  m.p.  95-9^*) 
it  gave  no  lowering  of  the  melting  point  with  a  known  sample  of  benzil. 

Among  the  acid  products  which  were  volatile  with  steam,  qualitative  reac¬ 
tions  conducted  in  the  usual  way  showed  the  presence  of  traces  of  formic  acid. 

The  acid  not  volatile  with  steam  melted  at  85-86 the  silver  salt  was  obtained  by 
way  of  the  ammonium  salt.  The  silver’  salt  was  analyzed  and  correspxmded  to  a  salt 
of  trine thylpyruvlc  acid. 

0.1011  g  salt:  0.0458  g  Ag. 

0.1223  g  salt:  0.0558  g  Ag. 

Found  Ag  45.55)  45.62. 

CeHgOaAg.  Calculated  Ag  45.57. 

The  products  of  oxidation  —  benzil,  formic,  and  trimethylpyruvic  acids  •  — 
confimed  the  suggested  structure  for  the  diene  ketone  as  being  2,5-dlphenyl- 

6.6- dimethyl-heptadlene-l,3-one-5. 

SUMMARY 

1.  Methyl-diphenyl-tertiarybutylacetylenyl  ethylene  glycol,  or  2,3-dlphenyl- 

6.6- dljuethylheptiue-4-diol-2,5  has  been  prepared  for  the  first  time,  and  its  re¬ 
arrangements  under  the  action  of  sulfprlc  acid  of  different  concentrations  have 
been  studied. 

It  has  been  found  that  an  acetylene  ketone,  3^5~diphenyl-6,6-dtinfithyl-hep- 
tine-4-one-2  is  formed  as  a  product  of  the  plnacollne  rQarjrangement,  and  a  y-keto- 
alcohol,  2, 5-diphenyl -6, 6-dimethyl -heptene-3-ol-2-one-5,  as  an  unstable  product 
of  the  acetylene -allene  rearrangement . 

2.  It  has  been_JEaund  that  both  upon  distillation  of  the  unsaturated  Y-*  keto- 
alcohol,  and  upon  its  treatment  with  acetic  anhydride,;  dehydration  takes  place, 
and  a  diene -ketone,  2,3-diphenyl-6,6-dlmothyl-heptadiene-l,3-one-5  is  formed.  The 
Y-ketoalcohol,  however,  does  not  form  a  ring  to  give  a  substituted  hydroxydlhydrp- 
furan,  thus  differing  from  the  Y-ketoalcohols  previously  investigated, 
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THE  ACETYLENE' ALLENE  REARRANGEMENTS 
l.;THE  ACTION  OP  PHOSPHOROUS  ACID-,  ESTERS  ON  2-METHyL-2-CHL0R0BUTINE-3 


A. .  N.  Pudovik 

organic  Chemistry  Laboratory  of  Kazan  State  Dniversity 


la  a  preceding  comaiunlcatlon  [i],  devoted  to  a  study  of  ally!  rearrangements, 
we  Investigated  the  action  of  salts  of  dialkylphosphorous  acids  and  of  phosphorous 
acid  esters  on  isomeric  methoxychloropentenes.  It  was  shown  that  the  reaction  be¬ 
tween  the  primary  chloride,  l-methoxy-5-chIoropeatene-5,  and  the  sodium  salts  of 
dialkylphosphorous  acids  took  place  normally,  without  an  allyl  rearrangement,  to 
give  the  corresponding  l-raethoxy-5“^i^^lP^o^P^o^®"5“Peii'tenes.  The  reaction  be¬ 
tween  the  secondary  chloride,  i-iB.ethoxy-3“Chloropeatene-4  and  the  sodiun  salts  of 
dialkylphosphorous  acids  in  the  presence  of  free  dialkylphosphorous  acids  in  the 
reaction  medium  took  place  lonlcally,  with  a  complete  allyl  rearrangement,  and 
led  to  the  formation  of  the  same  l-methoxy-5-dialkylphosphone-3-pentenes. 


CH30CH2CH2CHC1CE=CH2 


^H30CH2CH2  -  Jh 

I  Ir 


CH3OCH2CH2  -  CH 


NaOP(OR); 


CH3OCH2CH2CH  =  CH-CH2 


-  pfcR) 


In  the  absence  of  free  dialkylphosphorous  acids  in  the  reaction  medium,  the  corres¬ 
ponding  methoxy-dl-(dialkylphosphone) -pentanes  were  obtained;  these  were  formed 
by  the  further  reaction  of  the  methoxyphosphonepentenes  with  the  salt  of  the  di¬ 
alkylphosphorous  acid. 

The  reaction  between  the  primary  chloride,  l-methoxy-5“Chloropentene-3  and 
the  esters  of  phosphorous  acid  te.kes  place  nornLolly,  without  rearraEgement,  to 
give  the  corresponding  methoxydlalkylphosphonepenienes. 

In  the  progress  of  this  work,  it  seemed  to  us  of  interest  to  investigate  the  . 
reactions  of  the  esters  of  phosphorous  acid  and  the  salts  of  the  dialkyl  phosphorous 
acids  with  the  acetylene  chloride,  2-iiiethyl-2-chlorobutine-3. 


As  was  shown  by  the  InveEtlgatlons  of  T.A.Favorskaya  [2],  this  chloride  as 
well  as  others  structurally  like  it,  in  the  presence  of  cuprous  chloride  and  hydro¬ 
chloric  acid,  isomerize  to  give  allene  chlorides,  and  then  diene  chlorides. 

.  Saponification  of  the  allene  chloride  results  in  rearrangement;  a  dimethyl^ 
eth^nal  carbinol  is  formed. 

A. N. Zakharova  investigated  the  reaction  of  acetylene  chlorides  with  silver 
acetate  [s],  methylmagnesiura  iodide,  and  phecylmagnesium  bromide  [4].  The  reaction 
between  silver  acetate  and  2-chloro-2-methylbutine-3  leads  to  the  formation  of  a 
mixture  of  isomeric  acetates,  and  with  2-chloro-2-aethylpentine-3  only  to  an  acetate 
of  the  allene  compound.  The  reaction  between  2-chloro-2-methylpentine-3  and  magnes¬ 
ium  organic  compounds  also  gives  chiefly  a  hydrocarbon  of  the  allene  type. 


With  regard  to  the  mechanism  of  this  reaction,  we  must  say  that  we  have  at 
present  no  definite  picture  of  it,  although  it  appears  that  it  may  possibly  be 
analogous  to  the  reactions  taking  place  with  allyl  rearrangements,  whose  mechanisms 
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have  heccHtte  In  most  cases  conslderahly  clearer.  We  carried  out  the  reactions  he- 
tveen  the  acetylene  chloride,  2-chloro-2-methyltutlne-5,  and  the  esters  of  phos¬ 
phorous  acid  according  to  the  method  of  A,cadenLlclan  A. E. Arbuzov  [s],  by  heating  the 
reagents  in  sealed  tubes.  The  end  of  the  reaction  vas  determined  by  a  cessation 
in  the  change  in  volume  of  the  reaction  mixture. 

From  the  reaction  of  triethylphosphlte  with  2-chlQro-2-methylbutine-3,  the 
chief  product  obtained  had  a  b.p.  of  183-185®  at  6  mmj  Uq®  1. 45985  d|°  I.II7I5  it 
was  a  thick,  light-yellow  liquid.  There  vas  also  a  small  quantity  of  low-boiling 
fraction.  Analysis. of  the  product  obtained  for  C,  H,  and  P  gave  an  empirical  form¬ 
ula  close  to  CisHssOePa-  Th®  product  was  soluble  in  water,  and  could  be  separated 
from  the  solution  unchanged.  Upon  heating  with  water  in  a  sealed  tube  at  l40®,  for 
3  hours,  it  vas  still  unchanged.  The  product  did  not  react  with  copper  monohalides 
or  with  ethyl  iodide  upon  heating.  From  the  following  data,  we  drew  the  conclusion 
that  there  was  no  trlvalent  phosphorus  atom  in 'the  product.  Saponification  of  the 
product  with  concentrated  hydrochloric  acid  gave  an  acid  in  the  form  of  a  viscous 
liquid  which  did  not  crystallize  upon  standing.  Dviring  the  saponification,  it  was 
found  that  ethyl  chloride  vas  farmed,  in  a  quantity  corresponding  exactly  to  the 
two  diethylphosphone  groups  in  the  product.  Titration  of  the  acid  with  a  solution  • 
of  caustic  soda  and  analysis  of  its  barium  salt  also  corresponded  to  the  presence 
in  the  product  of  two  diethylphosphone  groups. 


An  elementary  analysis  of  the  product,  the  results  of  titration  of  the  acid, 
and  the  analysis  of  its  barium  salt,  as  well  as  consideration  of  its  properties, 
all  led  to  the  conclusion  that  the  substance  obtained  vas  apparently  a  secondary 
product  of  the  reaction  of  the  acetylene  chloride  and  triethyl  phosphite.  In  order 
to  isolate  the  primary  product  of  the  reaction,  we  carried  out  the  experiments  on 
the  reaction  of  the  chloride  with  t.rlethyl  phosphite  under  less  stringent  conditions: 
at  lover  temperatures,  with  an  excess  of  chloride,  and  in  the  presence  of  an  inert 
solvent. 

But  when  the  temperature  of  the  reaction  was  lowered  from  I5O-I6O®  to  120*, 
the  reaction  still  formed  chiefly  the  product  noted  above,  with  b.p.  185®  at  7  mn^ 
at  90“;  practically  no  reaction  at  all  took  place.  Upon  carrying  out  the  reaction 
iu  benzene  solution  at  I30®,  in  addition  to  the  product  with  b.p.  185“  at  7  mm., 
we  succeeded  in  isolating  cuiather  substance  with  b.p,  120-122®  at  10  nmx,  n^®  l-%553 

d4°  1.0237. 

Elementary  analysis  of  this  latter  product  for  carbon,  hydrogen  and  phosphorus 
led  to  the  empirical  formula  CsHitOsP,  corresponding  to  methyl- (diethylphosphone) - 
butlne,  or  its  isomer.  As  the  product  obtained  gave  no  precipitate  with  an  axumon- 
iacal  solution  of  silver  oxlce  or  copper  oxide,  it  was  possible  to  draw  the  con¬ 
clusion  that  it  had  the  allene  structure,  and  consequently,  that  the  reaction  be¬ 
tween  the  acetylene  chloride  and  trlethyl  phosphite  took  place  with  a  cc«*.plete 
acetylene-allene  rearrangement; 


ch3_ 


CH3 


>c  -  a  =  CH 


CHa 


'"C  =  C  =  CH 


CHa 


CHa 


/C  -  C  w  CH 


CH3  >1 


CHa 


+ 


[CEa 

.OCsHp 


pc  =  C  =  CH 


/OC2H5 
+  Cl  +  ;  P  “  OCgHg 
OCaHs 


P-OC2H5 

fo:C^ 


Cl' 


CHa  ^0 

pc  =  c  =  cfl-  p:5  0C2H5  +  C2H5CI 


CHa 


■OC2H5 
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This  acetylene  chloride  vas  stable  at  150*5  upon  heating  for  6  hours,  no  change 
in  its  constants  was  noted,  and  no  isomerization.  Upon  heating  the  2-methyl-4-dl- 
ethylphosphonebutadlene-2J3  obtained  to  I5O-I6O®,  it  was  converted  into  the  dimer 
with  b.p.  205-‘206‘’  at  5  mm;  n£°  1.4795}  I.O992,  and  this  also  served  to  con¬ 

firm  the  correctnefir»  of  its  structural  formula  as  an  allene  derivative. 

To  complete  our  elucidation  of  the  structure  of  the  above-mentioned  compound 
with  b.p.  185*  at  7  ®m,  we  carried  out  a  reaction  between  2-methyl -4-diethylphos- 
phonebutadlene-2,3  and  triethyl  phosphite  at  I50® .  We  obtained  as  a  result  a  pro¬ 
duct  with  b.p.  187-188®  at  8  ram,  n§°  I.458O,  df®  I.II66,  l.e.,  according  to  its 
constants  it  was  identical  with  the  product  obtained  by  the  direct  action  of  tri¬ 
ethyl  phosphite  upon  the  acetylene  chloride.  As  a  result  of  oxidation  of  the 
product  with  potassium  permanganate  in  aqueous  solution,  acetone  could  be  identified 
in  the  form  of  its  dinitrophenylhydrazone. 


On  the  basis  of  the  data  obtained,  we  can  conclude  that  the  product  with  b.p. 
185*  at  7  is  2-methyl-3^4-di-(diethylphosphone) -hexene-2: 


CH3 


// 

P (OC2H5 )2 


/ 


C=C' 


CH3 


C2^ 


OC2H5 

^OCsHb 


and  that  its  formation  takes  place,  apparently,  according  to  the  equations: 
Cl 

C-C*CH  +  P(0C2H5)3  - - 


CH3 


CH3  ^ 

>C=C=CH-P-0C2H5 

CH3  ^0C2Hs 


CS3  ^ 

J>C=C=CH-P-0C2H5  +  C2H5CI 
CH3  '"OC2H5 


CHa  0  ^0 

)C  =  C  =  Cfl  -  P  -  OC2H5  + 
CH3  0C2^5 


+  jP  ((^225)3 


OC2H5  ,0C2H5 
/ 

®  P  -002%  o 

=  C  - CH  =  P  -  QC2HS 


CH3 


OC2H5 


The  addition  product  formed  undergoes  an  Internal  rearr augment  with  an  ethyl 
group  transferring  to  the  carbon  atom  ;in  .the  p  position  to  the  phosphorous  atom, 
and  2-methyl-3i4-di-^diethylphosphone) -hexene-2  is  formed. 


CHa 

Cfla' 


0C2Hg  OC2H5 
+  P-OC2H5 


/€=  C 


-CH  =  P-  OC2H5 
"^OCsHs 


OC2H5  OC2H5 
>C=C - 
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>0=0 
CHa 


0  OC2H5 

V 

P-OC2H5 


“fcH-p^2Hs 

C2H5 
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The  action  of  trlethyl  phosphite  on  the  allene  chloride,  2-methyl-H-chlorohutBdiene- 

vlth  heating,  did  not  lead  to  the  isolation  of  any  definite  products.  The  re¬ 
actions  of  tributyl  phosphite  and  trlmethyl  phosphite  vith  the  acetylene  chloride 
took  place  like  the  reaction  of  triethyl  phosphite  with  the  same  chloride, ' although 
less  smoothly* 

In  the  two  cases,  the  reaction  gave  a  small  quantity  of  the  corresponding  . 
2-methyl-4-dimethyIph06phonebutadienc--2,3  with  h.p.  131-132®  at  4  mia,  n|p  1.4310 
0.9594;  2-methyl-4-dimethylphosphonebutadlene-2,3  with  h.p.  117  at  10  mm; 
ngo  1^4632,  1,0852,  and  high-boiling  products  corresponding  to  2-methyl-3,4-di- 

(albuty]phosphono)-hexene-2,  with  b.p.  207-210®  at  3  1.4612;  d^®  1,0505# 

and  2-iiiethyl-3,4-dl- (dime thy Iphosphone) -hexene-2  with  b.p.  l80-l82®  at  6  ram, 
ng°  1.4782;  1.2218,  as  well  as  small  quantities  of  high-  and  low-boiling  fractions. 

The  reaction  between  sodium  diethylphcsphite  euad  the  acetylene  chloride  pro¬ 
ceeded  in  a  complicated  manner;  a  mixture  of  products  was  obtained,  boiling  in  the 
interval  from  II5-I86®  at  7  No  definite  product  could  be  separated  from  it. 

EXPERIMENTAL 

Action  of  Triethyl  Phosphite  on  2-Methyl-Chlorobutine-3 

Experiment  1.  10  g  of  2-methyl-2-chlorobutine-3  obtained  by  the  method  of 

T.A.Favorsky,  and  16  g  of  triethyl  phosphite  were  heated  in  a  sealed  tube  at  I50® 

for  10  hours.  A  diminution  of  the  volume  of  the  reaction  mixture  was  noted;  upon 

further  heating,  the  volume  underwent  no  furtheri  change .  When  the  tube  was  opened, 
there  was  moderate  pressure  Inside,  as  a  result  of  the  formation  in  the  reaction 
of  ethyl  chloride.  After  the  etliyl  chloride  had  heen  removed  by  gentle  heating, 
the  reaction  mixture  was  fractionated  in  vacuum  from  a  small  flask  with  a  Wldmer 
dephlegmator.  After  several  distillations,  2.6  g  of  a  fraction  was  obtained 
which  boiled  from  80  to  I85®  at  13  nm,  and  7*5  8  of  2-methyl -3, 4-di-(diethylphos- 
phone ) -hexene -2 . 

B.p.  183-185®  at  6  imn;  m-lTS”  at  4  mm;  1.4598;  d|®  I.II7I. 

0.1060  g  substance:  O.187I  g  CO2;  O.O788  g  HgO. 

0.1676  g  substance:  48.4  ml  KaOII  (T  O.O2136). 

Found  C  47.87;  H  8.21;  P  17,00. 

Ci5R32CaP2.  Calculated  C  48.64;  H  8.64;  P  16.8O. 

About  1  g  of  a  fraction  with  b.p.  185-237°  and  8.7  g  of  a  tarry  residue  were  obtained. 

A  repetition  of  the  experiment  with  larger  quantities  of  reagents  gave  similar 
results. 

Experiment  2.  The  reaction  was  carried  out  with  a  twofold  excess  of  chloride 
at  a  temperature  of  150-l40® .  20  g  of  chloride  and  16  g  of  triethyj  phosphite 
were  heated  at  this  temperature  for  10  hours.  Fractional  distillation  of  the  re¬ 
action  mixture  in  vacuum  (after  removal  of  the  ethyl  chloride)  gave  11.2  g  of  the 
original  chloride  with  b.p.  74-78®,  3*1  g  of  a  fraction  boiling  within  the  range 
6I-I25®  at.  7  inm,  9  g  of  2-methyl-3,4-dl-(diethy Iphosphone) -hexene-2  with  b.p.  I85* 
at  7  inm,  n5°  1.4610  and  about  8  g  of  residue. 

E:cperiaent  3«'The  reaction  with  equlmolecular  quantities  of  reagents  was  carried 
out  at  90°  for  10  ^ours.  Fractional  distillation  of  the  reaction  mixture  gave  only 
the  original  materials. 

Experiment  4.  9  g  of  the  chloride,  l4  g  of  triethylphosphite,  and  17  g  of 
absolute  benzene  were  heated  in. a  sealed  tube  at  I30®  for  6  hours.  After  removal 
of  the  benzene  by  distillation,  fractionation  of  the  reaction  mixture  gave  3*1  g 
of  2-methyl-4-diethylphosphonebutadiene-2,3:  * 

During  analysis  of  tha  Ciwponnds  obtained  by  cotrlustloa  in  a  small  bpat,  a  black  colored  melt  was  formed 
which  did  not  dec<wt>oso  oven  upon  strong  and  long- continued  heating  of  the  tube. 
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B.p.  120-122“  at  10  mm;  ng®  1.^555)  df®  1.0237. 

0.1285  g  substance:  0.2460  g  CO2;  O.O966  g  HgO. 

0,1476  g  Bulatadce: -56.8  al  HaOH  (T  0,02136). 

Found  C  ^2.2$}  H  8,36;  P  l4.3. 

CoHiyOsP.  Calculated  C  52-94>  H  8.33}  P  15«2« 

5.9  g  of  2-Eiethyl -3, 4-dl-(dlethylpbosphoiie) -hexene-2  vlth  b.p.  I89*  at  10  maa, 
n^  1.4590,  and  about  6  g  of  residue  Mere  obtained. 

The  2-n!ethyl-4-diethylpho3phonebutadlene~2,5  did  not  give  a  precipitate  upon 
the  addition  of  on  ajraaorlacal  solution  of  silver  oxide  or  copper  oxide. 

Experiments  on  Heating  2-Kethyl-2-chlorobutine-3< 

12  g  of  the  acetylene  chloride  with  b.p.  74-79“  and  n^  1.4210  was  heated  in 
a  sealed  tube  at  130“ 'for  6  hours.  Upon  opening  the  tube  after  cooling,  no  pres¬ 
sure  was  observed.  The  index  of  refraction  of  the  liquid  was  1.4210.  By  fractional 
distillation  of  the  liquid,  11.2  g  of  the  original  chloride  was  obtained. 

Investlpiatlon  of  2-4!ethyl-3t4-dl-(diethylphosphon^-hexene-2 

The  action  of  water,  a)  10  g  of  the  product  was  dissolved  in  water  and  the 
solution  obtained  was  distilled  in  vacuum.  Water  came  over  first,  and  then  the  un¬ 
changed  product. 

b)  4  g  of  2-methyl -3, 4-di-Cdlethylphosphone) -hexene-2  and  0.45  S  of  water  were 
heated  in  a  sealed  tube  for  3  hours  at  l40*.  Fractional  distillation  of  the  reac¬ 
tion  mixture  gave  3*2  g  of  the  original  product! 

2.  The  action  of  ethyl  iodide.  6  g  of  2-^thyl-3,4-dl-(dlethylphosphone)- 
hexene-2  and  6  g  of  ethyl  iodide  were  heated  for  3  hours  at  l40*.  Fractional  dis¬ 
tillation  of  the  mixture  gave  the  original  reagents,  unchanged. 

5-  The  action  of  cuprous  iodide.  Upon, the  addition  of  cuproiis  iodide  to  2- 
me thyl-374 -di  (die  thylphcsphone )  -hexene  -2 ,  there  was  no  change  in  the  temperatvcre 
of  the  reaction  mixture.  No  reaction  at  all  was  observed  upon  heating}  the  cuprous 
iodide  did  not  dissolve  in  the  product. 

Saponlf Icatlon  of  2-r*ethYl-3 t4-dl- (diethylphosphone) -hexene-2.  6.2  g  of 
the  product  wr.s  heated  with  20  ml  of  concentrated  h^'dro chloric  acid  In  a  sealed 
tube  for  6  hours  at  I60* . '  After  cooling,  there  appeared  on  the  surface  of  the 
water  Jjiyer  a  considerable  layer  of  ethyl  chloride.  The  tube  was  weighed  before 
opening,  and  after  it  had  been  opened  and  moderately  heated}  the  wel^t  of  the 
ethyl  chloride  formed  was  thus  found  to  be  4.30  g*  Theoretically,  the  saponifica¬ 
tion  of  the  two  phosphone  groups  should  give  4.29  g  of  ethyl  chloride.  The  aqueous 
solution  was  greatly  concentrated,  with  the  periodic  addition  of  dlbtllled  water  and 
thorough  boiling  with  animal  chsrcoal.  The  aqueous  solution  of  acid  was  titrated 
with  NaOH  solution.  The  amount  of  solid  alkali  used  for  titration  was  2.5  gj  a 
theoretical  calculation  gave  a  requirement  of  2.6  g.  Upon  the  addJLtlon  of  barium 
chloride  to  the  neutral  solution,  the  barium  salt  precipitated.  This  was  carefully 
washed  with  distilled  water. 

1.0824  g  substance :  1.049  g  BaS04. 

Found  Ba  57-0« 

C7Hi20a?2Ba2.  Calculated  Ba  58.7* 

5.  Oxidation  of  2-m.ethyl-3r4-dl-(dlethylphosphone) -hexene-2.  Into  5  g  of  the 
product,  dissolved  In  200  ul  of  water,  3  g  of  powdered  potassliLm  permanganate  was 
gradually  sprinkled,  while  the  solution  vas  cooled  vlth  running  water.  After  the 
end  of  the  reaction,  the  manganese  dioxide  ws.s  filtered  off.  P^caa  the  filtrate, 

20  ml  of  distillate  was  obtained}  this  was  added  to  an  alcoholic  solution  of  dlnltro- 
rhenylhydrazlne.  ‘A  dinltrophenylhydrazone  was  precipitated,  with  m.p.  124-126“. 
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The  dlnitrophenylh'ydrazone  obtained  from  acetone  and  dlnitrophenylhyfirazine,  had 
m.p.  I25-I27®.  A  mixed  test  gave  no  /depression  of  the  melting  point. 


The  Behavior  of  2-Methyl-4->dlethylphosphone'butadlene-2,3  upon  Heating 

1.5  g  of  2-methyl -4-dlethylphosphonebutadlene-2, 3  vas  heated  in  a  small  sealed 
tube  for  7  hours  at  I5O-I6O®.  Fractional  distillation  of  the  reaction  mixture  gave 
O.U  g  of  a  fraction  with  b.p.  97-120®  at  5  1.4490,  and  O.7  g  of  the  dimer 

of  2-methyl-4-dinethylphosphonebutadiene-2,3: 

B.p.  205-206®  at  5  mm;  ng°  1.4795-  I.O992. 

0.1104  g  substance:  32.5  nfL  NaOH  (T  0.01848). 

Found  P  I5.O. 

'  CiBH340ePa»  Calculated  P  I5.2. 

The  Action  of  Trlethyl  Phosphite  on  2-Methyl -4-dlethylphosphonebutadlene-2, 3 

A  mixture  of  5  g  of  2-methyl -4-diethylphosphonebutadieae-2, 3  and  5  g  of  trl- 
ethylphosphite  was  heated  in  a  small  sealed  tube  at  l40®  for  10  hours.  Fractional 
distillation  of  the  reaction  mixture  gave  about  2  g  of  triethyl  phosphite,  5  g  of 
a  fraction  with  b.p.  45-190“  at  9  d^l,  and  I.3  g  of  a  product  with: 

B.p.  187-188®  at  8  mm;  n§®  I.458O;  d|°  I.II66. 

0.0996  g  substance:  33*1  21I  NaOH  (T  0.01848). 

Found  ^:.P  17*0. 

Ci5ll3206P2*  Calculated  P  I6.8. 


’  The  Action  of  Triethyl  Phosphite  on  the  Allyl  Chloride  — 
2-Methyl-4-chlorobutadlene-2,3 

10  g  of  the  chloride  and  16  g  of  trie thy Iphosphite  were  heated  in  a  sealed 
tube  for  10  hours  at  I50® .  Fractional  distillation  of  the  reaction  mixture  gave  a 
large  quantity  of  ethyl  chloride  (floating  above  water),  then  8.5  g  of  a  fraction 
with  b.p.  22-78®  at  19  mm;  ng®  1.4176  and  7.5  g^with  b.p.  78-85“  at  16  mm,  1.4320. 
There  was  4.5  g  residue  from  the  distillation.  Further  fractional  distillation  of 
the  fraction  with  b.p.  22-78®  at  19  mm  gave  mostly  the  original  trlethyl  phosphite; 
fractional  distillation  of  the  last  fraction  gave  another  fraction  with  b.p.  67-70“ 
at  11  ram,  ng^  1.4280.  This  was  not  investigated  further. 


The  Action  of  Trlbutyl  Phosphite  on  2-Methyl-2-chlorobutine-3 

50  g  of  tributyl  phosphite  and  20  g  of  2-methyl-2-chlorobutine-5  were  heated 
in  a  sealed  tube  for  10  hours  at  15O® .  Distillation  of  the  reaction  mixture  gave 
the  following  fractions: 


1)  B.p.  75-80®  at  760  ram; 

2)  B.p.  IIO-I5O®  at  6  ram; 

3)  B.p.  133-140®  at  6  ram; 

4)  B.p.  140-’C55“  at  7  nnaj 

5)  B.p.  205-221®  at  2  mm; 

6)  B.p.  221-226®  at  2  mm; 


ng°  1.4060  - 
nfp  1.4572- 

ngo  1.4374  - 
ngo  1.4525  - 
ng°  1.4593  - 

ngo  1.4600  - 


Residue 


13.8  g, 

5A  g.: 
k.6  g. 
2.3  g. 
17.6  g. 
4.2  g. 
16.4  g. 


Fractional  distillation  of  the  first  fraction  gave  12  g  of  butyl  chloride  with 
b.p.  76-78°  at  760  ram,  n^°  1.4052;  the  second  and  third  fractions  gave  2.3  g  of  the 
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original  tributyl  phosphite  and  4.5  g  of  2-inethyl-4-dibutylphosphonebutadiene-2,5:  * 

B.p.  151-152"  at  4  ram;  ng°  1.4510;  d|°  0.9594. 

0.1272  g  substance;  27.6  ml  NaOH  (  T  0.01848). 

Found  P  11.1. 

CiaHssOsP.  Calculated  P  11.8. 

The  product  gave  no  precipitate  with  an  ammoniacal  solution  of  silver  and  copper 
oxides.  Distillation  of  the  fourth,  fifth  and  sixth  fractions  gave  4.5  g  of  a 
fraction  with  b.p.  145-205®  at  5  mm,  n§®  I.458O,  and  l4.5  g  of  2-methyl-5,4-di- 
-(dibutylphosphone) -hexene-2;  * 

B.p.  207-210®  at  5  nm;  n^°  1.46l2;  d|°  I.O5O5. 

0.1142  g  substance;  24.2  ml  NaOH  (T  0.02145). 

Found  P  12.6. 

Calculated  P  12.2. 

In  addition  about  5  g  of  a  fraction  was  obtained  with  b.p.  210-227®  at  5  nm, 
ng°  1.4652. 

The  Action  of  Trimethyl  Phosphite  on  2-Methyl,-2-chlorobutlne-5. 

15  g  of  2-methyl-2-chlorobutlne-5,  20  g  of  trimethyl  phosphite,  and  20  g  of 
benzene  were  heated  in  a  sealed  tube  for  8  hours  at  120® .  Pressure  was  noted  when 
the  tube  was  opened.  After  removal  from  the  reantlon  mixture  of  the  methyl  chlor¬ 
ide  (floating  on  water)  and  the  benzene,  the  Esidue  was  distilled  in  vacuum. 

There  were  obtained  15*6  g  of  a  fraction  boiling  in  the  range  8O-IIO®  at  l4  mm, 
np®  I.45IO;  'J.6  g  of  a  fraction  with  b.p.  110-155**  at  l4  ram;  n^®  1.46l5;  I6.I  g 
with  b.p.  201-210  at  l4  mm,  n£°  and  4.1  g  of  residue.  Distillation  of 

the  first  fi’actlon  gave  9*8  g  of  the  methyl  ester  of  methylphosphlnic  acid  with 
b.p.  70*  ab  10  mm,  n^®  1.4112.  Distillation  of  the  second  fraction  gave  5»1  g  of 
2-methyl-4-dimethylphosphonebutadiene-2,5>  which  formed  no  precipitate  with  eui 
ammoniacal  solution  of  silver  oxide; 

B.p.  117**  at  10  mm;  ng®  1.4682;  d|°  I.0852. 

0.1052  g  substance;  28.5  ml  NaOH  (T  0.02458). 

Found  P  I8.5. 

C7H13O3P.  Calculated  P  I7.6. 

Distillation  of  the  third  fraction  gave  9*6  g  of  2-methyl -5, 4-di-(dlmethy Iphos- 
phone ) -hexene -2; 

B.p.  180-182®  at  6  mm;  ng®  1.4782;  d|°  1.2218. 

0.1454  g  substance;  57*2  ml  NaOH  (T  0.01848). 

Found  <joi  P  20.2. 

CioHsaOePn*  Calculated  P  20,6. 

In  addition,  there  were  small  quantities  of  low-  and  high-boiling  fractions. 

Die  Action  of  Sodium  Dtethylphosphite  on  2-Methyl-2-chlorobutine-5 

An  ether  solution-  of  sodiimi  diethylphosphite  was  prepared  from  27  g  of  diethyl- 
phosphorous  acid  and  4.5  g  of  sodium  in  80  ml  of  absolute  ether.  To  the  solution 
obtained,  20  g  of  2-methyl-2-chlorobutine-5  was  gradually  added.  The  evolution  of 
heat  was  noted  in  the  reaction  mixture,  but  no  precipitate  of  sodium  chloride  was 
observed.  After  the  ether  layer  had  been  dried  and  the  ether  distilled  off,  the 
residue  was  fractionated  in  vacuum.  The  distillation  gave  a  small  fraction,  boiling 
within  the  range  II5-I86®  at  7  mm.  A  second  distillation  gave  a  fraction  (5*4  g) 
which  boiled  from  182-186®  at  7  mm,  1.4685,  and  had  a  phosphorus  content  of 


Aiiali’als  for  cafbc«  and  hydrogen  could  not  bo  carried  out  because  of  tho  formation  of  a  melt. 


l4.8^.  This,  however,  was  not  investigated  further. 


SUMMARY 

1.  The  action  of  the  following  esters  of  phosphorous  acid;  trlethyl  phos¬ 
phite,  trlhutyl  phosphite,  and  trlmethyl  phosphite,  on  2-methyl-2-chlorohutlne-5 
has  been  investigated. 

The  reactions  take  place  with  an  acetylene-allene  rearrangement  to  give  a 
quantity  of  primary  reaction  products  corresponding  to  2-methyl-4-dialkylphosphone- 
butadiene-2,3.  In  addition,  2-methyl-5>4-dl(dlalkylphosphone) -hexene-2  is  formed 
by  the  further  action  of  the  phosphorous  esters  on  2-methyl -4-dialkylphosphone- 
butadlene-2,5. 

2.  The  structure  of  2-methyl-3,4-di(dlethylphosphone)-hexene-2  has  been 
demonstrated,  and  a  mechanism  has  been  suggested  for  its  formation. 
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ALKOXYISOPROPYL  ESTERS  OP  PHOSPHOROUS  ACID  AND  THEIR  PROPERTIES 


V. .  S.  Abramov  and  E.  N.  Nikolaeva 


organic  Chemistry  Laboratory  of  the  V.'I.  Ulyanor- Lenin  Kazan  State  UniTeraity 

In  a  previous  paper  [i]  we  described  the  tri-p-methoxy-  and  trl-p-ethoxy- 
ethyl  esters  of  phosphorous  acid.  The  alkoxyethyl  esters  of  phosphorous  acid  ob¬ 
tained  by  the  action  of  the  corresponding  halogen-substituted  ethers  underwent  iso¬ 
merization  and  conversion  into  di-p-methoxy-  and  di-P-ethoxy  ethyl  esters  of  p- 
alkoxyethylphosphinlc  acids.  The  esters  also  reacted  with  bromomethyl  ethers  to 
give  dl-p-Biethoxy-  and  dl-p-ethoxyethyl  esters  of  alkoxymethylphosphlnlc  acids. 

In  the  present  paper  we  report  on  the  continuation  of  the  investigation  of 
alkoxy- substituted  esters  of  phosphorous  acid.  As  initial  products,  we  used: 
the  primary  monoethyl  ether  of  propylene  glycol,  and  the  primary  monoisopropyl 
ether  of  propylene  glycol.  These  ce]J.osolve3  were  obtained  by  the  alcoholization 
of  propylene  oxide  in  the  presence  of  caustic  soda;  this,  according  to  the  inves¬ 
tigations  of  Chitwood  and  Freure,  [2],  leads  to  the  formation  of  primary  ethers 
of  propylene  glycol. 

Tri-P-ethoxy-  and  trl-p-isopropoxylsopropyl  esters  of  phosphorous  acid  were 
obtained  according  to  MiJ.obedzkl  and  Sachnovski  [ol,  as  altered  by  K.V.Nlkonorov, 
by  the  action  of  phosphorous  trichloride  on  the  corresponding  cellosolve  in  the 
presence  of  freshly  distilled  dime thylaniline ,  in  absolute  dry  ether  as  a  solvent. 
The  reaction  can  be  indicated  by  the  equation: 

3CH3-^H-CH2CiR'  +  PCI3  +  3CeH5K(CH3)2  -  js?  +  . 

OH 

+  3CaH5N(GH3)p  *  ECl, 

where  R  is  ethyl  or  Isopropyl  respectively.  Trl-p-ethoxy-  and  tri  P-Isopropoxy iso¬ 
propyl  esters  of  phosphorous  acid  appear  as  colorless,  fluid  liquids  with  a  weak 
odor  reminiscent  of  the  odors  of  phosphites.  The  esters  react  with’ cuprous  iodide 
and  gave  a  rise  in  temperature  from  20®  to  4l*  on  being  mixed  with  it,  but  no  crys¬ 
talline  derivatives  could  be  obtained.  Upon  continued  standing,  no  products  of 
reaction  crystallized. 

The  trl-p -ethoxy isopropyl  ester  of  phosphorous  acid  is  Isomerized  by  the  action 
of  ethyl-p-bromopropyl  ether  to  give  the  di-p -ethoxy isopropyl  ester  of  p-ethoxylso- 
propylphosphlnic  acid.  The  Isomerization  of  the  esters  of  phosphorous  acid  was 
thoroughly  Investigated  earlier  by  Acad.  A. E. Arbuzov. 

The  tri-p-ethoxylsopropyl  ester  of  phosphorous  acid  reacts  with  halogen-sub¬ 
stituted  ethers  to  form  ethers. of  alkoxymethylphosphlnlc  acids.  We  studied  the  ac¬ 
tion  of  monobromcmethyl,  bromomethylethyl,  bromomethylpropyl,  and  chloromethylbutyl 
ethers. 

The  course  of  isoinerlzatlon  and  the  action  of  halogen-substituted  ethers  can 
be  described  by  the  equations: 
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fcaIfe0^2!!!,K„^CHa® 


(  V.I13 

\n  n  rsnu^ 


CH3. 


The  dl-p -ethoxy isopropyl  esters  of  alkoxymethylphosphinic  acids  obtained  were 
colorless,  odorless  liquids. 

We  iiade  attempts  to  obtain  trir*^-phenoxyethyl  ester  of  phosphorous  acid  from, 
the  monophenyl  ether  of  ethylene  glycol  and  phosphorus  trichloride  in  the  presence 
of  freshly  distilled  dlmethylanillne.  The  reaction  took  place  as  usual  with  the 
separation  of  dime  thy  loni  line  hydrochloride.  It  was  necessary  to  assumeXthAt.  the 
trl-p-phenoxy ethyl  ester  of  phosphorous  acid  was  also  formed.  However,  upon  distil¬ 
lation  of  the  products  of  reaction  in  vacuum,  it  appeared  impossible  to  isolate  any 
definite  fraction.  During  distillation,  decomposition  took  place,  and  increased 
considerably.  During  the  decomposition.,  some  substance  distilled  over  unchanged. 

The  residue  in  the  flask  was  changed  into  a  thick,  viscous,  orange -colored  mass, 
obviously  containing  phosphorus  which  had  separated  out.  The  distilled  substance 
partially  crystallized  to  give  colorless  crystals;  investigation  Indicated  the 
presence  of  phenol,  as  was  indicated  by  the  odor,  the  violet  color  with  ferric 
chloride,  and  the  formation  of  trlbromophenol  with  m.p.  9^"*  The  liquid  portion  j' 
reacted  with  cuprous  iodide,  giving  a  rise  in  temperature  from  25  to  35*5  bhls 
doubtless  indicated  the  presence  of  the  trl-p-phenoxyethyl  ester  of  phosphorous 
acid,  or  the  presence  of  compoimds  of  trlvalent  phosphorus  in  general.  The  liquid 
part  of  the  distillate  again  underwent  decomposition  upon  distillation.  During 
decomposition,  obviously,  phenol  is  split  off,  and  a  vinyl  ester  of  phosphorous 
acid  or  a  mixed  vinyl -P-phenoxyethyl  ester  of  phosphorous  acid  is  formed,  which 
polymerizes  imder  the  conditions  of  the  distillation:  (C6H50CH2CH20)3P  — 

— ^  CeHsOH  +  (CH2=CH0)3P  or  CH2  =  CiI0P(0CH2CHo0CaH5)2*  The  action  of  phosphorus 
trichloride  on  the  primary  monoethyl  ether  of  propylene  glycol  gave  di-^-ethoxy- 
Isopropylphosphorous  acid  according  to  the  equation: 

+  C2H5OCH2CHCICH3  +  2HC1. 

The  di-p-ethoxyiscpropylphosphorous  acid  was  a  colorless,  odorless  liquid. 

From  the  action  of  phosphorus  trichloride  on  the  phenyl  ether  of  ethylene  glycol, 
the  formation  of  dl-p-pheaoxyethylphosphorous  acid  was  to  be  expected: 

3C6II5OCH2CH2OH  +  PCI3  »  (CcT%0CK2CH20)2P0H  +  C6H5OCH2CH2CI  +  2HC1. 

Distillation  of  the  products  of  reaction  gave  fractions  which  corresponded, 
according  to  data  in  the  literature,  to  p -chlor oethylphenyl  ether.  Yield,  100^ 
of  theory.  The  p-chlorcethylphenyl  ether  was  subjected  to  reaction  in  accordance  with 
the  equation  above. 

The  residue,  obviously  consisting  of  dl-P-phenoxyethylphosphorous  acid,  upon 
distillation  in  vacuum,  decomposed  as  did  the  trl-p-phenoxyethyl  ester  of  phos¬ 
phorous  acid.  The  fraction  driven  off  appeared  to  he  phenol.  Judging  from  its  odor, 
violet  coloration  with  ferric  chloride,  and  the  formation  of  trlbromophenol  with 
m.p.  A  thick  orange -colored  mass  remained  in  the  flaskj  this  probably 


consisted  of  polyiaera  of  dlvlnyl'-  or  vinylphosphorona  acid: 

(CoH50CH2Cn20)2P0H  — ►  CeHsOH  +  (CH2=CH0)s^  or 

CH2*^^B0~P“0CH2CIl20~QcH5 
//  \ 

0  H 

Attempts  to  obtain  the  sliver  salt  of  the  crude  di-^-phenoxyethylphos- 
phorouB  acid  were  not  crowned  with  success* 

The  action  of  phosphorus  trichloride  on  the  phenyl  ether  of  ethylene  glycol, 
according  to  N.A.Menshutkin  [4],  gives  the  dl-acld  chloride  of  phenoxyethylphos- 
phorous  acid,  a  coiarless'  liquid  which  fumes  In  air. 

EXPERIMSHTAL 

The  rormatlon  of  the  Trl~P-Ethoryl8opropyl  Ester  of  Phosphorous  Acid 

The  ester  of  phosphorous  acid  was  obtained  from  the  primary  monoethyl  ether 
of  propylene  glycol,  which  was  obtained  from  absolute  ethyl  alcohol  and  propylene 
oxide  in  the  presence  of'raufetic  soda  (2]^  and  after  two  consecutive  fractionations 
In  a  column  with  a  glass  cap  had  b.p.  130>,131"*,  n^  1.4054,  df®  0.894. 

Into  a  round-botto5*ied  flask,  fitted  with  a  reflux  condenser,  a  dropping 
funnel,  and  a  stirrer ,''^ere  placed  90  g  "of  the  primary  laonoethyl  ether  of  propylane 
glycol,  105  g  of  fireshly  distilled  dimethyl  aniline,  and  5OO  ml  of  dry  ether.  The 
mixture  was  cooled  with  snow  and  vigorously  shaken,  while  from  the  dropping  funnel 
39  g  of  phosphorus  trichloride  was  gradually  allowed  to  flow  in.  After  It  was  all 
added,  the  stirrer  was  kept  going  for  another  half  hour.  The  precipitate  of  dl-* 
methylanillne  hydrochloride  was  filtered  off  and  washed  with  dry  ether.  The  ethyl 
ether  was  removed  by  distillation  on  the  water  bath,  and  the  residue  distilled  in 
vacuum.  After  two  consecutive  fractionations,  a  fraction  was  obtained  with  b.p. 
156-158*  at  9  nra.. 

Yield  of  ether  68  g,  or  70^  of  theory^ 
ng°  I.432OJ  d|°  O.983J 'MRq  89.4;  CisHaaOeP.  Calculated:  MRj,  89.5. 

0.2792  g  substances  31.7  ml  NaOH  (T  0.2843)*  (according  to  Neymann)** 

0.1656  g  substance;  19.4  ml  KaOH  (T  0.2843). 

Fo^ind  P  8.93,  9.O5. 

C15H33O6P.  Calculated  P  9.11. 

The  Action  of  Cuprous  Iodide  on  the  Trl-3-ethoxylsopropyl 
Ester  of  Phosphorous  Acid 

To  a  test  tube  was  added  at  the  same  time  2  g  of  the  ether  and  the  calcu¬ 
lated  quantity  of  cuprous  iodide.  The  cuprous  Iodide  reacted  with  the  ether  with 
the  evolution  of  heat.  The  temperatiire  of  the  reacting  substances  rose  from  19 
to  4l* .  Then  the  test  tube  was  heated  until  the  copper  salt  was  almost  completely 
dissolved.  The  products  of  reaction  were  treated  with  water  to  remove  cuprous 
iodide  and  then  extracted  with  ether.  Upon  evaporation  of  the  ether,  there  re¬ 
mained  a  syruxjy,  transparent  liquid,  which  did  not  crystallize  upon  prolonged 
standing. 

The  Isomerization  of  the  Trl-Q -ethoxy Isopropyl  Ester  of  Phosphorous 
Acid  Under  the  Action  of  Ethyl-p-bromopropyl  Ether 

5.3  g  of  the  tri-p-ethoxyisopropyl  ester  of  phosphorous  acid  and  O.65  g  of 
ethyl-p-bromopropyl  ether  were  sealed  In  a  tube**\?hlch  had  a  constriction  to  permit 

’N-:*y»r,»4in.Z.  pliysiol,  37.129  (1902);  43, 3r  (T9oi)7 

of  this  solution  corresponded  to  0.000786  S  of  phosphorus.'. 

'^’Disrertatlnn  of  A.  E.  Arbuzov,  19141 
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better  obse^rvatlon  of  the  change  in  volume.  The  tube  vas  heated  at  120*  for  9 
hours,  at  which  time  no  further  change  in  volume  took  place.  The  con^tents  of  the 
tube  were  distilled  in  vacuijm.  Two  consecutive  fractionations  gave  a  fraction 
with  b.p.  i62-164*  and  the  constants: 

n^o  I.452O5  1.012;  KRjj  87.14;  C15H33O6P.  Calculated  KRq  86.1?. 

The  Formation  of  Ethyl-S-bromopropyl  Ether 

Ethyl-|3-bromopropyl  ether  was  obtained  by  the  action  of  phosphorous  tribrom¬ 
ide  on  the  primary  monojethyl  ether  of  propylene  glycol.  In  a  flask  fitted  with  a 
reflux  condenser,  I5  g  of  the  primary  monoethyl  ether  of  propylene  glycol  was  ' 
pleiced,  and  13  g  of  phosphorus  tribromide  was  cautiously  added.  After  all  the  trl-- 
bromide  had  been  added,  the  flask  was  heated  on  an  oil  bath.  The  reaction  products 
were  distilled  in  vacuum.  Two  consecutive  fractionationp  gave  11  g  of  a  fraction 
with  b.p.  52-34®  at  10  mm  and  the  constants: 

ng°  1.4410;  d|0  1.243;  35-26;  CsHnOBr.  Calculated  MRjj  34.?. 

The  Action  of  Monobromomethyl  Ether  on  the  Tri-P -ethoxy iso¬ 
propyl  Ester  of  Phosphorous  Acid 

The  reaction  of  halogen-substituted  ethers  with  the  trl-3-ethoxylsopropyl 
ester  of  phosphorous  acid  was  carried  out  in  a  round-bottomed  flask  fitted  with  a 
reflux  condenser  and  a  dropping  funnel.  To  10  g  of  the  tri-P-ethoxyisopropyl 
ester  of  phosphorous  acid,  3*7  g  oP  nonobromomethyl  ether  was  gradually  added.  The 
reaction  took  place  with  the  evolution  of  heat.  In  order  to  complete  the  reaction, 
the  mixture  was  heated  as  usual  on  an  oil  bath  at  a  temperature  of  120®  for  1  to 
2  hours.  The  reaction  products  were  distilled  in  vacuum.  Two  consecutive  frac¬ 
tionations  gave  4.8  g  of  a  fraction  with  b.p.  I65-I68*  at  I6  mm,  and  the  constants: 

ng°  1.4272;  dj°  1.049;  MRjj  72.71;  CiaHsTOeP.  Calculated  MRjj  72.90. 

0.1724  g  substance:  25*4  ml  KaOH  (T  0.02845). 

0.1298  g  substance:  17.I  ml  NaOH  (T  0.02485). 

Found  P  10. 5,  10. 3. 

C12H27O6P.  Calculated  P  10.39* 

The  Action  of  Promomethylethyl  Ether  on  the  Trl-3 -ethoxy- 

isopropyl  Ester  of  Phosphorous  Acid 

To  10  g  of  the' trl-(i-ethoxyisopropyl  ester  of  phosphorous  acid,  4  g  of  brorao- 
mSth^lethyl  ether  was  gradueilly  added. 'After  heating,  the  reaction  products  were 
distilled  under  vacuum.  3*9  g  of  a  fraction  with  b.p.  l64-l66*  at  7  nm  was  obtained. 

ng°  1.4312;  d|°  1.040;  77-45;  Ci3H290aP.  Calculated  MRd  77*52. 

0.1201  g  substance;  I5.6  ml  NaOH  (T  0.02843). 

0.1234  g  substance;  16.O  ml  NaOH  (T  0.02843). 

Found  P  10.2,  10.11. 

C13H29O6P.  Calculated  P  9*9* 

The  Action  of  Bromometbylisopropyl  Bther  on  the  Tri-p-etho:^- 
isopropyl  Ester  of  Phosphorous  Acid 

To  7  g  of  the  trl-p -ethoxy isopropyl  ester  of  phosphorous  acid,  5*1  g  of 
bromomethylisopropyl  ether  was  gradually  added.  After  tvro  distillations,  the  pro¬ 
ducts  of  reaction  gave  4.5  g  of  a  fraction  with  b.p.  158-I6O*  at  6  mm,  and  the 
constants: 
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1.4310)  1.029j-MRd  82.02;  Ci4S3i06P.  Calculated  MRjj  82. l4. 

0.1018  6  substance:  11.?  ml  NaOH  (T  0.02843). 

0.1380  g  substance:  I5.8  ml  KaOH  (T  0.02843). 

Found  P-9*02,  8.99. 

C14H31O0P.  Calculated  f:  P  9.5« 

The  Action  of  Chloromethylbutyl  Ether  on  the  Trl~3-ethoxylsopropyl 
Ester  of  Phosphorous  Acid 

To  7  g  of  the  tri-p -ethoxy Isopropyl  ester  of  phosphprous  acid,  2.5  g  of 
chloromethylbutyl  ether  was  gradually  added.  The  products  6f  reaction  were  heated 
on  an  oil  bath,  and  then  distilled  in  vacuum.  Two  fractionations  gave  a  fraction 
with  b.p.  210-213®  at  35  mm,  and  the  constants: 

ng°  1.4309;  d|°  1.013;  MRd  86.62;  C15H33OQP.  Calculated:  MRjj  86.76. 

0.1170  g  substance:  11.6  ml  NaOH  (T  0.02843). 

0.1714  g  substance:  12.1  ml  NaOH  (T  0.02843). 

Found  P  7.98- 

CisHaaOe?.  Calculated  P  8.1. 

Formation  of  the  Tri-g-isopropoxy isopropyl  Ester  of  Phosphorous  Acid 

The  primary  isopropyl  ether  of  propylene  glycol  was  obtained  from  isopropyl 
alcohol  and  propylene  oxide  in  the  presence  of  caustic  soda  [2).  Fractionation 
carried  out  in  a  column  with  a  glass  cap  gave  a  fraction  with  b.p.  137-158®  and 
the  constants:  1.4070,  df^  0.879^  In  accordance  with  the  literature  data. 

The  tri-p-isopropoxyisopropyl  ester  of  phosphorous  acid  was  obtained  in  the 
same  way  as  the  trl-p -ethoxy Isopropyl  ester.  For  the  reaction  50  8  of  the  primary 
isopropyl  ether  of  propylene  glycol  was  taken,  along  with  51»2  6  of  freshly  dis¬ 
tilled  dlmethylanlllne,  and  I5O  ml  of  dry  ether.  The  mixture  was  cooled  and  vigor¬ 
ously  agitated,  \rtiile  19.4  g  of  phosphorus  trichloride  was  added.  After  the  di- 
methylanilint  hydrochloride  had  been  removed,  and  the  ether  distilled  off,  the  r^ 
mainlng  products  of  the  reaction  were  fractionated  in  vacuum.  A  fraction  was  ob¬ 
tained  with  b.p.  160-168“  at  12  mm,  to  the  amount  of  I8  g.’  This  appeared  to  be 
impure.  In  a  second  experiment,  13  g  of  a  similar  fraction  was  obtained.  The 
product  of  both  experiments,  to  the  total  amount  of  31  Rt  was  treated  with  metallic 
sodium  to  remove  acid  esters.  After  fractionation  of  the  distillate,  the  ester  of 
phosphorous  acid  was  obtained,  with  b.p.  152-155®  a-t  10  mm  and  the  constants; 

ng°  I.43OO;  d|^  0.9515;  mjj  103.6;  CisHagOsP.  Calculated  IO3.37. 

0.1220  g  substance:  12.8  ml  NaOH  (T  0.02843). 

0.1032  g  substance;  10.6  ml  NaOH  (T  0.02843). 

^  Found  P  8.24,  8.O7. 

CisH^.gOeP*  Calculated  P  8.1. 

The  Formation  of  the  Trl-B-phenoxyethyl  Ester  of  Phosphorous  Acid 

The  phenyl  ether  of  ethylene  glycol  was  obtained  from  technical  chlorohydrin 
and  sodium  phenolate  upon  prc^Longed  boiling.  For  purposes  of  synthesis,  the  frac¬ 
tion  boiling  from  118-121”  at  I5  mm  was  taken.  In  this  experiment,  200  g  of  the 
phenyl  ether  of  ethylene  glycol,  l64  g  of  freshly  distilled  dimethyl  aniline,  and 
500  ml  of  dry  ether  were  used.  The  mixture  was  cooled  and  stirrpd  while  62.2  g  of 
phosphorous  trichloride  was  added.  The  dimethylaniline  hydrochloride  which  formed 
was  filtered  off.  The  products  of  reaction  were  distilled  in  vacuum.  The  distil¬ 
lation  took  place  with  gradual,  steady  decomposition.  Together  with  the  products  of 
decomposition,  some  phosphorous  acid  ester  distilled  over.  The  residue  in  the  flask 
consisted  of  a  thick,  orange -colored  mass.  A  second  distillation  of  the  fraction 
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gave  similar -result B.-  The  product  of  distillation  crystallized* in  the  condenser, 
end  appeared  to  he  phenol.  It  gave  a  violet  color  with  ferric  chloride.  Upon 
hromination,  it  was  converted  into  trlhromophenol,  -with  m.p.  9^®.  A  mixed  test 
gave  no  depression  of  the  melting  point.  The  various  fractions  reacted  with  cuprous 
iodide,  giving  a  rise  in  the  temperature  of  the  reaction  mixture.  The  maximum  rise 
in  temperature  in  any  of  the  fractions  was  from  25  to  3^^* , 

The  Formation  of  Pi -p -ethoxy isopropylphosphorous  Acid 

To  80  g  of  thejprimary  ethyl  ether  of  propylene  glycol,  there  was  gradually 
added,  with  stirring  and  cooling,  35*2  g  of  phosphorus  trichloride.  The  hydrogen 
chloride  formed  was  removed  by  a  stream  of  dry  air.  The  reaction  products  were 
fractionated  under  vacuum.  After  three  consecutive  fractionations,  25  g  of  a  frac¬ 
tion  was  obtained  with  b.p.  135-137®  at  9  and  the  constants: 

ng°  l.hW)  1.Q&95  MRd  ^2.4;’-CioH230^P* ’•  Calculated  MR jj  6I.34. 

0.1560  g  substance:  24.3  ml  NaOH  (T  0.02843). 

0.2710  g  substance:  43.0  ml  NaOH  (T  0.02843). 

Found  P  12.24,  12.46. 

CioHsaOsP." Calculated  P  12.20. 

The  Formation  of  Di-g-phenoxyethylphosphorous  Acid 

To  100  g  of  the  monophenyl  ether  of  ethylene  glycol,  33.2  g  of  phosphorus 
trichloride  was  added.-  The  hydrogen  chloride  was  removed  by  a  stream  of  dry  air. 

The  products  of  reaction  were  fractionated  in  vacuum.  A  fraction  was  obtained  with 
b.p.  90-93®  at  4  mm  and  the  constants: 

ng°  I.5258J  d|°  1.121;  MRj)  42.47;  CsHoOCira.  Calculated  MRd  42.05. 

These  constants  agreed  with  the  data  of  the  literature  for  p-chloroethyl- 
phenyl  ether.  Yield  40  g,  or  100^  of  theory. 

Upon  further  distillation  of  the  residue,  there  was  obviously  a  steady, 
gradual  decomposition.  The  products  of  distillation  partly  crystallized.  Under 
investigation,  the  crystals  appeared  to  be  phenol.  They  gave  a  violet  color  with 
ferric  chloride  and  trlbromophenol  on  bromination;  m.p.  94”. 

The  residue  was  a  viscous,  orange -colored  mass. 

Attempts  to  obtain  the  silver  salt  from Mihe  residue  after  distilling  off  the 
p-chloroethylphenyl  ether,  in  a  separate  experiment,  ,gave,no  positive  results.  A 
salt  was  obtained  by  pouring  a  solution  of  silver  nitrate  into  an  aqueous  solution 
of  the  residue  containing  a  small  amount  of  ammonia.  The  gray  precipitate  which 
formed  quickly  turned  black. 

The  Formation  of  the  Dl-actd  Chloride  of  3-phenoxs*'ethyl- 
phosphorous  Acid 

The  di-acid  chleride  of  p-phenoxyethylphosphorous  acid  was  obtained,  accord¬ 
ing  to  the  method  of  N.A.Menshutkin  [4],  by  pouring  45  g  of  the  monophenyl  ether  of 
ethylene  glycol  into  44.8  g  of  phosphorus  trichloride,  with  mechanical  stirring. 

The  hydrogen  chloride  was  removed  by  a  stream  of  dry  air.  The  residue  was  distilled, 
and  after  two  consecutive  fractionations,  gave  24  g  of  a  fraction  with  b.p.  I5O-I52® 
at  9  ®ni,  and  the  constants: 

ng°  1.5^37;  1.328;  MRd  56.71;  C0H9O2Cl2pr3‘  Calculated  MRd  56.75. 

/  • 
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0.1040  g  Bubstance:  l6.8  ml  NaOH  (T  0.02l8l) 

0.0986  g  substance:  I6.6  ml  NaOH  (T  O.O2181) 

Found  P  12.7,  13. OJ. 

CeHgOsCDigP.  Calculated  P  12.97* 

SUMMARY 

1.  The  tri-P-ethoxylsopropyl  and  tri-p-lsopropoxylsopropyl  esters  of 
phosphorous  acid  have  been  obtained  and  described. 

2.  The  isomerization  of  the  tri-p-ethoxyisopropyl  ester  of  phosphorous 
acid  has  been  carried  out  under  the  action  of  ethyl-p-bromopropyl  ether  to  give  the 
di-p -ethoxy isopropyl  ester  of  p-ethoxyisopropylphosphinic  acid. 

3.  A  study  has  been  made  of  the  action  of  halogen-substituted  ethers  on 
the  tri-p -ethoxy isopropyl  ester  of  phosphorous  acid.  The  following  compounds  have 
been  obtained:  the  di-p-ethoxyisopropyl  ester  of  methoxymethylphosphinic  acid} 
the  di-3-ethcxyisopropyl  ester  of  ethoxymethylphosphinlc  acid;  the  di-p -ethoxy iso¬ 
propyl  ester  of  prbpoxymethylphosphinlc  acid}  and  the  di-p -ethoxy isopropyl  ester  of 
butoxymethylphosphinic  acid. 

4.  Dl-p-ethoxylsopropylphosphorous  acid  has  been  obtained. 

5*  The  di-acid  chloride  of  p-phenoxyethylphosphorous  acid  has  been  obtained. 

6.  Attempts  to  obtain  the  tri-p-phenc^ethyl  ester  of  phosphorous  acid  and 
to  obtain  di-p-phenoxyethylphosphorous  acid  did  not  give  positive  results.  During 
their  distillation,  phenol  split  off,  and  the  residue  polymerized  to  give  a  tarry 
mass. 
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TIN-PHOSPHORO- ORGANIC  COMPOUNDS 

III.  SYNTHESIS  OF  Ca-IFOUNDS  WIIH  PHENYL  RADICALS 
ATTACHED  TO  THE  PHOa»HORUS 

B.  A.  Arbuzov  and  N. .  P. .  Grechkin 
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We  have  shown  in  preceding  conanunications  [i]  the  possibility  of  synthesizing 
compounds  containing  a  phosphorus -tin  bond  by  the  action  of  organic  tin  derivatives 
with  halogen  atoms  attached  to  the  tin,  upon  the  complete  esters  of  phosphorous  acid. 
Among  the  compounds  used  were  the  trialkyltin  halides  and  the  dialkyltln  dihalldes. 

We  did  not  succeed  in  obtaining  phosphor us -tin  compounds  with  phenyl  radicals 
attached  to  the  tin.  \ 

In  the  present  communication,  ve  present  data  on  the  synthesis  and  on  some  of 
the  properties  of  tin-phosphoro-organic  compounds  containing  phenyl  radicals  attached 
to  the  phosphorus. 

We  accomplished  the  synthesis  of  this  type  of  compound  by  the  action  of  alkyl- 
tin  halides  on  the  esters  of  phenylphosphinous  and  diphenylphosphinous  acids. 

Thus,  the  action  of  trialkyliodotin  derivatives  on  the  esters  of  phenylphos¬ 
phinous  acid  gave  esters  of  phenylphosphouetrlalkyltin,  according  to  the  mechanism: 

0 

CeHsPCaR)^  +  ISnRa  =  RI  +  CeHs  -  P  -  SKR3 

OR 

The  compounds  obtained  in  this  fashion  are  listed  in  Table  1.  They  are  in 
the  form  of  colorless  finely  crystalline  substances.  , 

Similarly,  by  the  action  of  dialkyldilodotin  compounds  on  the  esters  of  phenyl¬ 
phosphinous  acid,  we  obtained  the  esters  of  di-(phenylphosphone)»^dialkyl  tin. 

The  results  of  these  experiments  ere  sumiarized  in  Table  2,  The  compounds  ob¬ 
tained  are  colorless  and  finely  crystalline, c Insoluble  ixi  organic  solvents.  They 
were  purified  by  washing  Vith  alcohol  and  ethei^ 

The  yields  of  diphosphpne  derivatives,  as  is  obvious,  were  much  higher  than 
the  yields  of  monophosphone  derivatives. 

Starting  with  the  ester  of  diphenylphosphinous  acid,  we  synthesized,  by  means 
of  the  action  of  trialkyllodotin  derivatives,  the  oxides  of  triaikylstannylphosphines 
(cf  Table  3): 

(CeH5)2P  -  OCgHs  +  ISnRa  =  (CqHs)2P  ~  SnRa  +  C2H5I. 

0 

The  yields  (Table  3)  were  small  because  of  the  action  of  the  formed  ethyl  iodide 
upon  the  original  ester  of . diphenylphosphinous  acid,  which  transformed  the  greater 
part  of  the  ester  into  the  isomeric  diphenylethylphosphine  oxide: 

(C6H5)2P  -  OC2H5  +  C2H5I  =  (C6H5)2P  -  C2H5  +  C2H5I 

0 
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TABLE  1 


Original  ester 
of  phenylphos- 
phinous  acid 

Original  tin 
derivative 

Compound 

synthesized 

m.p. 

Yield  (^) 

CaH5P(0CH3)2... 

(CH3 )3SnI 

0 

CeI%P~^  (  CB3  )  3 

132-15^^• 

15.5  ‘ 

OCH3 

0 

C6H5P(0C2H5)2.. 

(C2HS )3SnI 

C6H5P^n(C2H5  )3 

294-297 

13.0 

1 

0C2^ 

CeH5P(0C2H5 )2* • 

( n-C4H9 )  3SnI 

KJ 

M 

CeH5P^n(n-C4H0)3 

302-305 

7-2 

OC2H5 


TABLE  2 


Original  ester 
of  phenylphos-  . 
phlnous  acid 

Original  tin 
derivative 

Compound 

synthesjfced 

m.p. 

Yield  (^) 

C6H5P(0CH3)2 

(Cn3)2Snl2 

(CHa)2Sn 

■p(0)CeBb' 

-OCH3 

2 

291-293** 

54.5 

CeH5P(0C2H5)2 

(C2H5)2Snl2 

( O2HS ) 2Sn 

P(0)CeHs  ■ 
DCzBs  . 

2 

296-300® 

53.5 

OsHsP (0C3H7“n) 2 

(02^5)2Snl2 

(C2H5)2Sn 

P(0)CeH5  1 

245-248 

61.4 

ICC3H7 


TABLE  3 


Original  ester 

Original  tin 
derivative 

Compound 

synthesized 

m.p. 

Yield  (^) 

(CqH5)2P  -  OC2H3 

(CH3)3SnI 

0 

(CGl4)2p-Sn('cH3)3 

(CoH5)^n(C2Hs)3 

365-368® 

9.8 

(CeHs)2P-0C2H5 

(C2H5)3SnI 

346-348 

54 

which  was  also  isolated  fVom  the  products  of  reaction.  The  compounds  obtained  were 
colorless  crystalline  substances,  insoluble  in  the  usual  organic  solvents.  Because 
of  the  difficulty  of  purification,  it  was  impossible  to  obtain  good  analytical  re¬ 
sults  for  them.  Simllsirly,  the  action  of  the  ethyl  eater  of  diphenylphosphinous 
acid  on  dialkyldiiodotin  gave  a  diphosphine  oxide  containing  an  atom  of  tin,  ac- 
cordin^g  to  the  reaction: 


llh 


0  S  f  ? 

2(C6H5)2P  -  OC2H5  +  l2SriR2  =  (CeH5)2P  ‘“  Sn  -  P(C6H5)a  +  2C2H5I. 

R 

Results  are  listed  in  Table  4. 

TABLE  4 


Original  tin 

Compound 

m.p. 

Yield  (^) 

derivative 

Byntheslzed 

(CS3)2Snl2 

[  °1 

u  ' 

(  CqHs  )  2?:  •  CH3  )  2 

r  n'T 

572-575* 

26.6 

(C2H5)2Snl2 

u 

n  _ 

(CeH5)2P  2Su(C2Hs)2 

551-555 

17.5 

The  compounds  obtained  were  finely  crystalline  colorless  compounds,  insoluble  in 
the  usual  organic  solvents. 

The  Chemical  Properties  of  the  Phenylphosphorotin  Compounds  Synthesized 

As  has  been  shown  in  preceding  communications  [1],  the  tin-phosphorus  bond 
Is  unstable  under  the  action  of  acids  and  alkalies.  Even  at  room  temperature,  5^ 
hydrochloric  acid  breaks  the  tin -phosphorus  bond. 

An  investigation  of  the  chemical  properties  of  the  compounds  described  in 
the  present  communication  confiimis  the  instability  of  the  tin-phosphorus  bond  that 
we  found  earlier,  both  in  acids  and  in  alkalies. 

The  esters  of  phenylphosphone  trialky  It  in  were  stable  to  pure  water  and  were 
unchanged  upon  boiling  with  water.  At  room  temperature,  15^  hydrochloric  acid' 
breaks  the  tin-phosphorus  bond  to  form  trlalkylchlorotin.  Caustic  potash  (10^)  at 
room  temperature  breaks  the  tin-phosphorus  bond  to  give  a  hydrate-  of  trialkyltin 
oxide. 

The  esters  of  di- (phenylphosphone )>-(tialkylt in  possess  similar  properties. 

Boiling  water  does  not  act  upon  them,  while  15^  hydrochloric  acid  at  room 
temperature  leads  to  the  formation  of  dialkyldichlorotin.  At  room  temperature, 
chlorine  breaks  the  tin-phosphorus  bond  with  the  formation  of  dialkyldichlorotin. 

Similar  chemical  properties  are  shown  by  phosphine  oxides  of  the  type: 

r  0  1 


|_(  Cells )  2^  J  2SnR2  • 

Boiling  water  does  not  react  with  them,  while  15?f>  hydrochloric  acid  at  room 
temperature  splits  the  tin-phosphorus  bond  to  form  diphtenylphosphlnous  acid  and  di¬ 
alkyldichlorotin.  Caustic  potash  (20^)  forms  dialkyltin  oxides  (identified  by  means 
of  their  chlorides)  and  diphenylphosphinic  acid.  Chlorine  in  chloroform  solution 
cleaves  the  tin -phosphorus  bond  at  room  temperature.  As  a  result  of  the  action  of 
chlorine,  dialkyldichlorotin  eind  diphenylphosphinic  acid  were  obtained,  because  of 
the  saponification  of  the  acid  chlpride  first  formed. 

Acetyl  chloride  in  boiliiig  benzene  solution  also  cleaved  the  phosphorus-tin 
bond.  From  the  products  of  the  reaction  with  a  diphosphlne  dioxide  containing 
methyl  radicals  attached  to  the  phosphorus,  we  Isolated  dlmethyldichlorotln  and  di- 
phcnylphosphinic  acid.  The  course  of  this  reaction  requires  further  Investigation. 
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EXPERIMENTAL  v 

Synthesis  of  the  Esters  of  Phenylphosphonetrlalkyltln 


iodotln.  In  a  flask  fitted  with  a  reflux  condenser  and  a  dropping  fxinnel,  there 
WHS  placed  4.7  g  of  trlmethyl Iodotln  [2],  and  2.8  g  of  the  dimethyl  ester  of 
phenylphosphlnlc  acid  [3]  was  added  drop  by  drop.  The  flask  was  heated  on  a  • 
glycerine  bath.  At  a  bath  temperature  of  80“,  a  vigorous  reaction  began,  and 
the  temperature  inside  the  flask  rose  to  240* .  Upon  cooling,  the  reaction  mix¬ 
ture  crystallized.  After  recrystallization  from  alcohol,  5*^  g  of  a  colorless 
finely  crystalline  substance  was  obtained  with  m.p.  132-134®. 

0.1320  g  substance:  O.1823  g  COzj  O.O629  g  HaO* 

Found  C  37»6^}  H  5*30. 

CioHi702PSn.  Calculated  C  37*65;  H  5*37* 

The  action  of  the  diethyl  ester  of  phenylphosphlnous  acid  on  trlmethyl- 
iodotin.  To  10.8  g  of  trlethyllodotin,  ^.4  g  of  the  diethyl  ester  of  phenylphos- 
phinous  acid  was  added.  At  a  bath  temperature  of  150° ^  a  quiet  reaction  began. 

The  temperature  of  the  vapors  was  75°  (ethyl  iodide).  Upon  cooling,  the  contents 
of  the  flask  partly  crystallized.  The  crystals  were  washed  with  alcohol  and  ether. 
It  was  impossible  to  recrystallize  them,  as  the  product  was  insoluble  in  the  usual 
organic  solvents.  The  product  was  a  colorless  finely  crystalline  powder.  Yield 
1.6  g,  m.p.  294-297°^  with  decomposition  (copper  block). 

0.1117  g  substance:  O.1955  g  CO2;  O.O615  g  H2O. 

Found  C  44.82}  H  6.12. 

Ci4H2502PSn.  Calculated  C  44.83;  H  6.73* 

The  action  of  the  diethyl  ether  of  phenylphosphinous  acid  on  tri-n-butyl- 
iodotin.  To  9*5  g  tri-n-butyliodotin  [4],  4.3  g  of  the  ethyl  ester  of  phenyl¬ 
phosphinous  acid  was  added.  At  *a  bath  temperature  of  185°,  the  reaction  began 
with  the  formation  of  ethyl  iodide.  Upon  cooling,  the  mass  in  the  flask  began 
to  crystallize.  The  ethyl  iodide  amounted  to  2.9  g,  or  86^  of  theory.  There 
was  obtained  I.7  g  of  a  colorless  substance  with  m.p.  302-305°,  with  decomposition 
(block).  Yield  7*2^  of  theory, 

0.1245  g  substance:  0.2378  g  CO2;  0.0862  g  H2O. 

Fo\md  p.  C  52.10}  H  7*69* 

C2oH3702PSn.  Calculated  C  52.31;  H  8.13. 

The  Reactions  of  Esters  of  Phenylphcaphonetrialkyltin 

1.  The  action  of  water.  0.3  g  of  the  methyl  ester  of  phenylphosphonetri- 
methyl  tin  was  boiled  a  half  hour  with  water.  After  removal  of  the  water,  the 
melting  point  of  the  ester  was  unchanged. 

2.  The  methyl  ester  of  phenylphosphonetrimethyltln  (0.3  g)  was  dissolved  at 
room  temperature  in  10  ml  of  15^  hydrochloric  acid.  The  solution  was  extracted 
several  times  with  ether’.  After  removal  of  the  ether'.by  distillation,  0.11  g  of 
trimethylchlorotin  with  m.p.  39-4l®  was  obtained  from  the  residue.  (A  mixed  test 
with  trimethylchlorotin  gave  an  unchanged  m.p.). 

3.  The  action  of  10^'  caustic  potash  solution.  The  methyl  ester  of  phenyl- 
phosphonetrimet|iyltin  was  dissolved  at  room  temperature  in  a  10^  solution  of  caus¬ 
tic  potash.  After  standing  for  three  hours,  the  solution  was  extracted  several 
times  with  benzene.  After  removal  of  the  benzene,  the  residue  was  sublimed.  There 
was  obtained  0.2  g  of  the  hydrate  of  trimethyltin  oxide,  with  m.p.  117-120®. 


The  Synthesis  of  Esters  of  Dl~(phenylphosphone)-dla]kyltln 

Tlie  action  of  the  dimethyl  ester  of  phenylphosphlnous  acid  on  dlmethyldl- 
lodotln.  To  6  g  of  dl>nethyl$liiodotln  .  molten  in  &  flask  with  a  reflux  condenser, 
5.1  g  of  the  dimethyl  ester  of  phenylphosphlnous  acid  was  added  drop  by  drop. 

After  a  few  minutes,  a  vigorous  reaction  began.  The  temperature  in  the 
flask  reached  I80® .  After  cooling,  the  contents  of  the  flask  began  to  crystallize. 
The  methyl  iodide  was  removed  luider  vacuum.'  The  crystalline  substance  was  filtered 
off,  and  washed  with  Vater  and  alcohol.  There  was  obtained  j.'J  g  of  a  crystalline 
substance  with  m.p.  291-295®,  with  decomposition  (block),  or  5^*5^  of  theory. 

0.2101  g  substance:  0,3241  g  CO25  0.0951  g  H2O. 

Found  C  42.07,  H  4.92. 

CisH2204P2Sn.  Calculated  C  41.85;  H  4.84, 

The  action  of  the  diethyl  ester  of  phenylphosphlnous  acid  on  diethyldilodotin . 
To  the  melted  diethyldilodotin  (7*0  .g) ^  placed  in  a  flask  with  a  reflux  condenser, 
was  added  6.5  g  of  the  diethyl  ester  of  phenylphosphlnous  acid;  the  mixture  was 
heated  on  the  oil  bath.  At  a  bath  temperature  of  I50®,  a  reaction  began,  with  the 
separation  of  ethyl  iodide  (the  temperature  of  the  vapors  was  75®)*  The  temperature 
in  the  flask  rose  to  190®/  and  then  began  slowly  to  fall;  the  contents  of  the  flask 
began  to  crystallize.  The  crystals  were  removed,  and  washed  with  alcohol  and  ether. 
They  weighed  2.8  g.  They  could  not  be  recryst9.1112e‘d  because! of  their  insolubility. 
The  crystals  had  a  weak  yellow  color.  M.p.  296-300®,'  with  decomposition  (block). 
Yield,  55*5^  of  theory. 

0.1050  g  substance:  0.1732  g  CO25  0.0555  g  H2O. 

Found  ‘jo:  C  46.28;  H  5.66. 

C2o^o04P2Sn.  Calculated  C  46.62;  H  5*89* 

The  action  of  the  dl-n-nropyl  ester  of  phenylphosphlnous  acid  on  diethyldir 
lodo  tinT  To  4.5  g  of  melted  diethyldilodotin,  5*0  g  of  the  dl-n -propyl  ester  of 

phenylphosphlnous  acid  was  added.  The  reaction  began  at  a  bath  temperature  of  195**  • 

At  the  end  of  the  reaction,  the  contents  of  the  flask  began  to  crystallize.  The 

propyl  iodide  was  distilled  off  under  vacuum  (loss  in  weight  3*^  g>  or  90^  of 

theory).  The  crystalline  material  was  separated,  and  washed  with  alcohol  and  ether; 
it  was  in  the  form  of  fine  colorless  crystals  with  m.p.  245-248®,  with  decomposition 
(block).  Yield  6l.4^  of  theory.  It  was  impossible  to  purify  the  substance  by  re¬ 
crystallization.  The  substance  burned  only  with  difficulty. 

0.1218  g  substance:  0.1921  g  CO2;  O.O516  g  H2O. 

Found  jo:  C  42.02;  H  5.13* 

C2pHa404P2Sn.  Calculated  jo:  C  48.62;  H  6.52. 

A  Study  of  the  Reactions  of  the  Esters  of  Di-(phenylphos- 
phone j -dialky It in 

1.  The  action  of  vrater.  The  methyl  ester  of  di-(phenylpho8phone) -dimethyltin 
(0.3  g)  was  boiled  for  3  hours  with  water.  After  filtration  and  drying,  the  melting 
point  was  unchanged. 

2.  The  action  of  hydrochloric  acid.  0.4  g  of  the  methyl  ester  of  di-(phenyl- 
phcsphone) -dimethyltin  was  dissolved  at  room  temperature  in  I5  uil  of  15^  hydro¬ 
chloric  acid.  After  several  extraction^  with  ether  and  evaporation  of  the  ether, 
the  solution  gave  0.12  g  of  dimethyldichlorotin  with  m.p.  IOI-IO5®.  A  mixed  test 
with  dimethyldichlorotin  gave  m.p.  103-105®.' 

3.  The  action  of  alkali.  1  g  of  the  methyl  esters  was  dissolved  in  25  ml  of 
a  lO'j}  solution  of  caustic  soda.  After  boiling  for  three  hours  with  a  reflux  con¬ 
denser,  the  alcohol  and  part  of  the  water  were  removed  by  distillation  under  vacuum. 
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After  these  were  removed,  a  white  amorphous  preclpl,pitate  formed;  this  was  separa¬ 
ted  and  washed  with  water.  This  substance  was  diethyltin' oxide,  as  was  shown  by 
the  fact  that  treatment  with  hydrobromic  acid  transformed  it  quantitatively  into 
diethyldibromotin,  with  m.p.  62®.  A  mixed  test  with  diethyldibromotin  gave  no 
lowering  of  the  m.p. 

4.  The  action  of  chlorine.  To  1  g  of  the  ethyl  ester  of  di-(phenylphosphone)- 
diethyltin,  the  calculated  quantity  of  chlorine  was  added  in  a  chloroform  solution. 
After  20  minutes,  the  ester  went  into  solution,  and  the  solution  was  decolorized. 
After  removal  of  the  chloroform  by  distillation,  the  precipitate  was  sublimed  to 
give  O.Ul  g  of  diethyldichlorotin,  with  m.p.  84®. 

Srirnthesis  of  the  Oxides  of  Dlphenyltrialkylstannylphosphines 

The  ethyl  ester  of  diphenylphosphinous  acid.  The  ester  was  obtained  by  the 
action  of  ethyl  alcohol  on  diphenylphosphorochloride  in  the  presence  of  dimethyl- 
aniline,  and  had  b.p.  l6l-l65“  at  10  mm  [s].  Yield,  5^^  theory. 

The  methyl  ester,  obtained  similarly,  had  b.p.  152-155"  10  inm.  Yield 

55^. 

The  diphenylphosphorochloride  needed  for  the  synthesis  was  obtained  by 
heating  phosphenyl  chloride  in  sealed  tubes  up  to  500" •  It  appeared  unnecessary 
to  heat  the  tubes  for  96  to  120  hours,  as  Doer ken  recommended.  The  same  yields  of 
diphenylphosphorochloride  (56^)  were  obtained  after  8  hours  of  heating. 

The  action  of  the  ethyl  ester  of  diphenylphosphinous  acid  on  triethyliodo- 
tln.  Triethyliodotin  (7  g)  was  placed  in  a  flask  with  a  reflux  condenser,  and  4.9  g 
of  the  ethyl  ester  of  diphenylphosphinous  acid  was  added.  The  reaction  began  at 
170" .  The  ethyl  iodide  was  removed  after  the  reaction  in  vacuum.  Upon  cooling, 
the  contents  of  the  flask  crystallized.  The  crystals  were  removed,  and  washed 
with  alcohol  and  ether.  There  was  obtained  0.45  Sf  or  5*1^  of  theory.  M.p.  5^6- 
548®,  with  decomposition  (block).  After  standing  for  two  days,  additional  crystals 
separated  from  the  filtrate;  after  recrystallization  from  alcohol,  these  had  m.p. 
121-124®,  and  appeared  to  be  the  oxide  of  diphenylethylphosphine.  A  mixed  test 
with  the  oxide  of  diphenylethylphosphine  gave  no  depression  [5].  Yield  1.4  g. 

Below  is  the  analysis  of  the  material  with  m.p.  5^6-548®. 

0.0615  g  substance:  0.1242  g  CO2;  O.O5OI  g  HgO. 

Found  C  55-07j  H  5.44. 

CiaHosOPSn.  Calculated  C  55-08;  H  6.I9. 

It  was  impossible  to  purify  the  substance  by  recrystallization. 

The  action  of  the  ethyl  ester  of  diphenylphosphinous  acid  on  trimethyliodo- 
tin.  To  5-1  £  of  trimethyliodotin,  4  g  of  the  ethyl  ester  of  diphenylphosphinous 
acid  was  added.  Upon  heating  to  a  bath  temperature  of  195" ^  the  reaction  began, 
with  the  separation  of  ethyl  iodide.  After  cooling,  a  thick  viscous  mass  was  ob¬ 
tained.  It  was  dissolved  in  alcohol.  From  the  alcoholic  solution,  there  separated 

out  crystals  which,  after  removal  and  washing  with  alcohol  and  ether,  had  m.p. 
565-568®  with  decomposition  (block).  Yield  O.65  g,  or  9-8/&  of  theory.  From  the 
filtrate,  I.7  g  of  the  oxide  of  diphenylethylphosphine  was  separated;  this  had  m.p. 

118-122® . 

0.0591  g  substance:  O.O745  g  CO2J  O.OI65  g  H2O. 

Found  C  51.82;  H  4.69. 

CisHiaOPSn.  Calculated  C  49.52;  H  5.27. 

The  actdon  of  the  methyl  ester  of  diphenylphosphinous  acid  on  triethyliodotin. 
In  order  to  decrease  the  isomerization  of  the  ester  of  diphenylphosphinous  acid 
under  t^ie  influence  of  the  methyl  iodide  which  separated  out  during  the  reaction. 
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the  synthesis  vas  carried  out  with  an  ordinary  condenser. 

To  U.6  g  of  the  triethyliodotin,  placed  in  a  flask  with  a  direct  condenser, 

5  g  of  the  methyl  ester  of  diphenylphosphinous  acid  was  added  through  a  dropping 
funnel.  No  reaction  was  observed.  Upon  heating  the  reaction  to  190®,  a  vigorous 
momentary  reaction  ensued.  The  temperature  in  the  flask  rose  to  25O® .  Upon  dis¬ 
tillation  of  the  contents  of  the  flask  in  vacuum,  triethyliodotin  (b.p.  111-112* 
at  10  mm)  came  over  to  the  amount  of  4.2  g  or  91*5^  of  the  amount  used  in  the  re¬ 
action.  The  residue  in  the  flask  crystallized,  and  appeared  to  be  the  oxide  of  di- 
phenylmqthylphosphine  with  m.p.  IO8-IIO®  [5 1* 


The  Synthesis  of  Phosphine  Oxides  of  the  Type 


0 

(CeHiijaP 


gSnRg 


The  action  of  the  ethyl  ester  of  diphenylphosphinous  acid  upon  dimethyldi- 
iodotin.  To  6.0  g  of  molten  dimethyJ.diiod6tln,  placed  in  a  flask  fitted  with  a  re¬ 


flux  condenser,  6.9  g  of  the  ethyl  ester  of  diphenylphosphinous  acid  was  added. 

The  reaction  began  at  an  oil  bath  temperat'ure  of  l40*,  and  the  temperature  inside 
the  liquid  rose  to  25O® ,  the  temperature  of  the  vapors  to  73"  •  The  contents  of  the 
flask  began  to  crystallize  even  before  cooling.  The  crystals  wbre  washed  with  al¬ 
cohol  and  ether.  There  was  obtained  2.2  g  of  a  colorless,  crystalline  substance 
with  m.p.  572-375"  with  decomposition  (blocx).  Yield  26.6^  of  theory.  Because 
of  the  insolubility  of  the  crystals  in  organic  solvents,  it  was  impossible  to  re¬ 
crystallize  them. 

0.0517  g  substance:  O.0655  g  CO2;  O.OI52  g  H2O. 

Found  C‘56.16;  H  4.65. 

C2eH2Q02P2Sn.  Calculated  ^:.C  56.65;  H  4.76. 


After  washing  with  alcohol  and  ether,  O.9  g'of  the  oxide  of  diphenylethylphosphine 
was  obtained  from  the  filtrate:,  m.p.  119-122*. 


The  action  of  the  ethyl  ester  of  diphenylnho sphlnous  acid  on  diethyldiiodo- 
tin.  5*6  g  of  diethyldiiodotin  and  6  g  of  the  ethyl  ester  of  diphenylphosphinous 
acid  were  heated  in  a  small  flask  with  a  reflux  condenser  on  an  oil  bath.  At  II5®, 
the  reaction  began,  with  the  sepsuration  of  ethyl  io'dide.  The  temperature  in  the 
flask  rose  to  190**  and  the  contents  crystallized.  The  ethyl  iodide  was  distilled 
off  in  vacuum.  The  weight  of  th?  flask  decreased  by  2.6  g,  which  corresponded  to 
64‘j{»  of  the  theoretically  calculated  quantity  of  ethyl  iodide.  The  crystals  were 
washed  with  alcohol  and  ether.  They  were  obtained  to  the  amount  of  I.5  g  or  17.5^ 
of  theory.  M.p.  551-553" •  Because  of  their  lack  of  solubility,  they  could  not  be 
recrystallized. 

0.0745  g  substance:  O.I58O  g  CO2?  Q.O560  g  H20. 

Found  C  57-99;  H  5-38. 

C26H3o02P2Sn.  Calculated  C  58.06;  H  5 -*22. 


Diphenylethylphosphine. oxide  was  isolated  from  the  filtrate. 


Investigation  of  the  Reactions  of  Phosphine  Oxides  of  the  Type 


l(  Calls )  2^-1 28nR2 


1.  The  action  of  water  on  [ (CsHs )2P(0) ]2Sn(CH3 )2.  0.5  g  of  the  substahce 

was  boiled  for  5  hours  with  water.  The  substance  was  recovered  unchanged. 

2.  The  action  of  hydrochloric  acid  (15^)  on  the  diethyl  derivative.  0.2  g 
of  the  substance  was  boiled  in  I5  ml  of  15'3^  hydrochloric  acid  until  it  dissolved. 
The  formation  of  crystals  of  some  other  form  was  observed.  After  the  crystals  had 
been  separated  and  washed  with  ether  they  had  m.p.  195-194*.  A  mixed  test  with 
diphenylphosphinous  acid  showed  no  change  in  melting  point.  The  hydrochloric  acid 
filtrate  was  extracted  with  ether  and  the  ether  removed;  there  remained  crystals  of 


diethyldichlorotln,  with  m.p.  7Q-8I* . 

5.  The  action  of  alkali.  The  dinethyl  derivative  (O.5  g)  was  dissolved  at 
room  temperature  in  15  ml  of  a  20^  solution  of  caustic  potash.  Upon  boiling  this 
solution  for  40  minutes,  an  oil  floated  to  the  surface;  it  crystallized  upon  cooling. 
M.p.  69-74°.  Upon  acidification  of  the  aqueous  solution  of  this  substance  with 
hydrochloric  acid,  needle-shaped  crystals  separated  out  with  m.p.  192-194°.  A  mixed 
test  with  dlphenylphosphinic  acid  gave  no  m.p.  depression.  The  alkaline  solution, 
obtained  after  removal  of  the  sodium  dlphenylphosphinate,  was  strongly  acidified  with 
hydrochloric  acid,  and  the  solution  extracted  with  ether.  After  the  ether  had  been 
evaporated  off  dlmethyldichlorotin  was  obtained,  with  m.p.  98-104°. 

4.  The  action  of  chlorine.  To  0.25  g  of  the  dimethyl  derivative  at  room 
temperature,  a  solution  of  O.O6  g  of  chlorine  in  chloroform  was  added,  and  the 
solution  allowed  to  stand  for  6  hours.  The  crystals  of  the  dimethyl  derivative  went 
completely  into  the  solution,  and  decolorized  it.  The  chloroform  was  driven  off, 

and  the  crystalline  residue  was  extracted,  with  ether.  Dlmethyldichlorotin  was  recovered 
from  the  ether-solution^ith  m.p.  10^-107°.  Tlie  residue  insoluble  in  ether  was  recrys¬ 
tallized  from  alcohol;  it  then  had  m.p.  191-195"*  Mixed  test  with  diphenylphosphinic 
acid  showed  no  depression.  ‘  ' 

5.  The  action. of  acetyl  chloride.  To  O.5  g  of  the  dimethyl  derivative  a 
solution  of  0.15  g  of  acetyl  chloride  in  I5  ml  of  dry  benzene  was  added.  The  mix¬ 
ture  was  boiled  for  an  hour  with  a  reflux  condenser.  The-  crystals  went  into  solu¬ 
tion.  After  removal  of  the  benzene  the  residue  solidified  to  give  two  kinds  of 
crystals:  needles  and  warts.  The  needle-shaped  crystals  were  separated  by  solution 
in  ether  and  appeared  to  be  dlmethyldichlorotin,  with  m.p.  107®  (mixed  test).  The 
wart-shaped  crystals  were  recrystallized  from  alcohol  and  had  m.p.  195-195** •  A. 
mixed  test  with  diphenylphosphinic  acid  gave  no  depression. 


SUMMARY 


1.  The  action  of  alkylhalogen  tin  derivatives  on  the  esters  of  phenylphos- 
phinous  and  diphenylphosphinous  acid  has  led  to  the  synthesis  of  phosphorus -tin  com¬ 
pounds  containing  phenyl  radicals  attached  to  the  phosphorus. 


2.  Representatives  of  the  following  types  of  organic  derivatives  of  phos 
phorus,  containing  the  phosphorus -tin  bond,  have  been  synthesized  for  the  first 
time: 


0 

*  r  -I 

CeH^P-SnRa;  RsSn  (0)PC6H5 

OR  L  OR  - 


(CQH5)2P-SnR35  L(C6H5)2P 


.(( 


2SnR2 , 


where  R  and  R’  are  alkyl  radicals.  In  all,  10  new  phosphorus -tin  compounds  have 
been  described. 


3.  It  has  been  shown  that  in  the  compounds  obtained,  the  phosphorus -tin  bond 
is  easily  broken  by  the  action  of  hydrochloric  acid,  caustic  potash,  and  chlorine. 
The  phosphorus-tin  bond  is  not  broken  by  boiling  with  pure  water. 
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THE  DETERMINATION  OP  THE  STRUCTURE  OP  DISACCHARIDES 

II..  DETERMINATION  OP  TIIE  STRUCTURE  OP  MALTOSE 
A.  M.  Gakhokldze 


In  our  previous  work  [i]  we  determined  the  structure  of  gluopsido-5 -glucose. 
In  the  present  paper,  we  are  giving  a  determination  of  the  structure  of  maltose. 


Maltose  was  converted  hy  the  usual  method,  through  the  octaacetate  [2],  aceto- 
bromomaltose  [3],  and  hexaacetyinaltal  [4]  into  maltal  (l).  Upon  oxidation  of  the 
maltal  with  potassium  permanganate,  glucosidp-5-arahonic  acid  (ll)  was  obtained; 
the  calcium  salt  of  this  acid  was  converted,  by  oxidative  cleavage  with  perhydrol, 
into  glucosido-2-erybhrose  (III).  Glucosido-2-erythrose  gives  no^bsazone  with 
phenylhydrazine.  Upon  hydrolysis  of  methylated  gluco3ido-2-erythronlc  acid  (IV), 
dimethylerythronic  acid  (v)  was  obtained;  oxidation  of  the  latter  gave  dimethyl- 
glycerinic  acid  (Vl).  Thus,  the  second  carbon  atom  of  erythrose  takes  part  in  the 
formation  of  the  biose  bond,  and  maltose  has  the  structure  (l,5)-glucosidO“4-(l,5)- 
glucose.  _ _ 
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EXPERIMENTAL 

1.  The  Oxidation  of  Maltal 

g  of  maltal  was  dissolved  in  400  ml  of  water,  and  to  this  solution  I50 
ml  of  a  5^  potash  solution  was  added;  this  was  strongly  shaken,  and  gentle  heating 
(5O-5O")  was  applied  while  a  4^  solution  of  potassium  permanganate  was  gradually 
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added.  The  addition  of  the  permanganate  solution  was  continued  until  the  drops 
of  solution  were  no  longer  decolorized.  . 

The  filtered  solution  was  evaporated  under  reduced  pressure  to  dryness. 

The  residue  was  dissolved  in  200  ml  of  water,  and  from  the  solution  obtained, 
glucosido-arabonlc  acid  was  precipitated  with  basic  lead  acetate.  The  precipitate 
was  filtered  off,  washed,  and  suspended  in  water,  from  which  the  lead  was  precipit¬ 
ated  out  by  hydrogen  sulfide.  After  removal  of  the  lead  sulfide,  the  filtrate  was 
boiled  for  15  minutes  to  remove  the  excess  of  hydrogen  sulfide. 

The  solution  was  neutralized  with  calcium  carbonate,  filtered,  and  concen¬ 
trated  to  a  minimal  volume.  Upon  the  addition  to  the  concentrated  solution  of  ab¬ 
solute  ethyl  alcohol,  eimorphous  floes  of  the  calcium  salt  of  glucosldo-5-arabonic 
acid  precipitated  out.  The  salt  was  purified  by  two  recrystallizations  from  hot  ‘ 
water.  Yield  4.2  g,  i.e. ,  60^  of  theory. 

0.1521  g  substance:  O.OII5  &  CaO. 

0.1762  g  substance;  0.0149  g  CaO. 

Found  Ca  6.22,  5*98* 

(CiiHi90ii)2Ca.  Calculated  Ca  5*77 

2.  Oxidation  of  the  Calcium  Salt  of  Glucosido-5-arabonic  Acid 

In  a  ro’jnd -bottomed  liter  flask,  65.6  g  of  the  calcium  salt  of  glucosldo-3- 
arabonic  acid  was  dissolved  in  'JOO  ml  of  water.  To  this  solution,  5*6  g  of  barium 
acetate  in  60  ml  of  water  and  3-2  g  of  ferric  sulfate  were  added.  The  solution 
was  boiled  for  10  minutes  and  then  filtered.  To  the  cooled  solution,  80  ml  of  a 
30^  perhydrol  solution  was  added  with  vigorous  stirring.  After  3  hours,  an  addi¬ 
tional  20  ml  of  perhydrol  solution  was  added  to  the  reaction  mixture.  The  solution 
was  warmed  gently  on  the  water  bath,  and  filtered  through  bone  charcoal  on  a  Buchner 
funnel.  It  was  then  evaporated  under  reduced  pressure  to  a  minimal  volume  and  mixed 
with  absolute  methyl  alcohol.  After  several  days,  crystals  separated  out;  these  were 
recrystallized  from  hot  water.  Yield,  20.1  g,  i.e.,  79^  of  theory.  The  melting 
point  of  the  pure  glucosido-2-erythrose  was  141®"^  87*5  (in  water). 

0.1269  g  substance:  O.165O  g  CO25  0*0801  g  H2O. 

0.199^  g  substance:  0.2101  g  CO25  0.1226  g  H2O. 

Found  C  41.95,  42.'39;  H  6.95,  6.67. 

CioHisOg.  Calculated  C  42.6lj  H  6.38. 

Upon  the  acetylation  of  glucosido-2-erythrose  with  acetic  anhydride  in  the 
presence  of  sodium  acetate,  hexaacetylglucosldo-2-erythrose  was  obtained,  with  m.p. 
127”. 

0.1601  g  substance:  18.I  ml  0.1  N  NaOH. 

'  0.1667  g  substance:  18.6  ml  0.1  N  NaOH. 

Found  COCH3  48.82,  48.29. 

CssHsoOis*.  Calculated  COCH3  48.30. 

3.  The  Oxidation  of  Glucosido-2-erythro5e  and  the  Cleavage  of 

the  Acid  Obtained 

19.2  g  of  glucosido-2-erythroBe  was  dissolved  in  300  ml  of  bromine  water, 
and  the  solution  frequently  shaken  while  being  allowed  to  stand  in  the  light  for 
5  days.  After  neutralization  with  calcium  carbonate,  the  solution  was  filtered 
^nd  the  excess  of  bromine  removed  by  boiling  for  10  minutes.  Upon  the  addition  of 
^absolute  ethyl  alcohol  to  the  strongly  ’  concentrated'  solution,  floes  of  the  calcium 
salt  of  glucosido-2-erythronic  acid  precipitated  out.  Yield  I5.6  g,  i.e.,  77%  of 
theory. 
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0.1022  g  substance;  O.OO96  g  CaO. 

0.1295  g' substance;  0.0128  g  CaO. 

Found  Ca  6.71>  7»01* 

(CioHi70io)2CaC  Calculated  Ca  6.5I. 

15.1  g  of  the  calcium  salt  of  glucoBido-2-erythronlc  acid  was  dissolved  in 
250  ml  of  water,  and  the  calcitm  precipitated  from  this  solution  with  the  calcu¬ 
lated  quantity  of  oxalic  acid.  The  solution,  after  filtering  off  the  calcium  oxal¬ 
ate,  was  heated  to  boiling  with  100  ml  of  5^'Nsulfuric  acid  solution  for  20  minutes. 
The  solution  was  then  neutralized  with  calci'ura  carbonate,  filtered,  and  concentrated 
to  a  minimal  volume.  Upon  the  addition  of  absolute  ethyl  alcohol  to. the  concen¬ 
trated  solution,  floes  of  the  calcium  salt  of  d-erythronic  acid  were  precipitated. 

0.1283  g  substance:  0.0226  g  CaO. 

Found  Ca  12. 8I. 

(C4H70s)2Ca.  Calculated  Ca  12. 90. 

Upon  decomposing  the*  calcium  salt  of  d-erythronic  acid  with  the  calculated 
amount  of  oxalic  acid,  and  then  concentrating  the  filtered  solution,  the  Y-lactone 
of  erythronic  acid  was  obtained,  with  m.p.  101-102®,  la]£°  —  79*5*  (in  water). 

The  phenylhydr azide  of  d-erythronic  acid  has  m.p.  I28-I5O®,  which  agrees 
with  the  data  of  the  literature  [s], 

0.1207  g  substance;  13.5  ml  Ng  (16®,  752  mm). 

0.1364  g  substance:  I5.6  ml  N2  (I6®,  732  mm). 

Found  N  12.83,  13.19. 

C10H14N2O4.  Calculated  N  12.28. 

After  the  removal  of  the  calcium  salt  of  d-erythronic  acid,  the  solution  was 
treated  with  phenylhydrazinej  it  gave  an  osazone  with  m.p.  207®.  A  mixed  test  with 
glucosazone,  obtained  from  pure  glucose,  showed  no  depression. 

4.  The  Oxidation  of  Dimethylerythronic  Acid 

4.6  g  of  the  calcium  salt  of  dimethyl -d-erythronlc  acid  was  dissolved  in 
50  ml  of  water.  To  this  solution  was  added  2  g  of  barium  acetate  and  1.2  g  of  fer¬ 
ric  sulfate,  dissolved  in  40  ml  of water.  The  reaction  mixture  was  filtered  and 
heated  gently  while  25  ml  of  ^0$  perbydrol  was  added.  The  mixture  was  allowed  to 
stand  for  24  hours.  Then  the  solution  .was  boiled  for  10  to  I5  minutes,  filtered, 
mixed  with  100  ml  of  bromine  water,  and  allowed  to  stand  in  the  light  for  5  days. 

In  order  to  remove  the  excess  of  bromine,  the  solution  was  boiled  for  10  to  15 
minutes,  and  then  heated  with  calcium  carbonate.  The  solution  was  filtered  from 
the  excess  of  calcium  carbonate  and  evaporated  to  a  small  volume.  Upon  gradual 
addition  to  the  concentrated  solution  o^  absolute  ethyl  alcohol,  floes  of  the  cal¬ 
cium  salt  of  dime thylglyc eric  acid  were  precipitated. 

0.1718  g  substance;  O.O525  g  CaO. 

^  Found  Ca  I3.52. 

(0511904 )2Ca.  Calculated  Ca  13. 07. 

Methylation  of  the  calcium  salt  of  dimethylglyceric  acid  with  dimethyl  sulf¬ 
ate  in  the  presence  of  alkali  ghve  the  methyl  ester  of  dimethylglyceric  acid,  with 
b.p.  78-89°  (at  15-16  mm),  d|o  I.O598,  n|°  1.4584.  . 

0.1348  g  substance:  0.6^1^30  g  Agl. 

Found  OCH3  62.57./* 

C6Hi204.  Calculated  OCH3  62.83* 
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SUMMARY 


1.  The  oxidation  of  maltal  with  potacslum  permanganate  gave  giucosido-2- 
arabonlc  acid, 

2'.  The  oxidation  of  the  calcium  salt  of  glucosido-2-arabonlc  acid  with 
perhydrol  gave  gluco8ldo-2-erythrose. 

5.  GlucosidorS-erythronic  acid  was  obtained. 

4.  The  oxidation  of  3>4-dlmethylerythronlc  acid  gave  2,5-diniethylglyceric 

acid. 
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THE  DETERMINATION  OP  THE  STRUCTURE  OP'  DISACCHARIDES 


III.  DETERMINATION  OP  THE  STRUCTURE  OP  LACTOSE 


A.  M.  Gakhokidze 


Lactose  was  converted  into  the  octaacetate,  then  into  acetobromolactose 
and  hexaacetyllactyl  [i]j  the  latter  was  converted  into  lactal  (l).  Tiie  oxidation 
of  lactal  with  potassium  permanganate  in  the  presence  of  potash  gave  galactosido- 
-5-arabonic  acid  (ll).  Oxidation  of  the  calcium  salt  of  galactosido-3-arabonlc 
acid  with  perhydrol  gave  galactosido-2-erythrose  (ill),  which  was  easily  reduced 
with  Fehling’s  solution,  but  did  not  give  on  osazone.  From  these  considerations, 
it  was  determined  that  the  2nd  carbon  atom  of  erythrose  (i.e. ,  the  4th  carbon  atom 
of  the  original  glucose  in  the  disaccharide)  tsLkes  part  in  the  formation  of  the 
biose  bond. 
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A  further  indication  of  the  position  of  the  oxygen  bridge  was  the  oxidation 
of  galactosido -2 -erythrose  to  give  galactosido-2-erythronic  acid  (IV),  with  sub¬ 
sequent  oxidation  of  the  dimethylerythronic  acid  (V),  obtained  by  hydrolysis  of 
the  methylated  galactosido-2-erythronic  acid,  to  dimethylglyceric  acid. 

It  was  thus  determined  that  the  fourth  carbon  atom  of  the  reducing  portion 
of  the  disaccharide  takes  part  in  the  formation  of  the  biose  bond. 

1.  The  Oxidation  of  Lactal 

76.8  g  of  lactal  (with  m.p.  190-191®j  [a]^  =  +  25.7* »  water)  was  dis¬ 
solved  in  5CO  ml  of  water;  200  ml  of  a  5^  potash  solution  waii  added  to  this  solution. 


and  then/ vith  vigorous  shaking,  a  4^  solution  of  potassium  permanganate  was  grad¬ 
ually  added.  The  addition. of  the  permanganate  solution  was  continued  until  the 
reaction  mixture  had  a  weak  rose  color.  The  solution  was  filtered,  and  evaporated 
to  dryness  under  reduced  pressure.  The  residue  was  dissolved  in  300  ml  of  water, 
and  galactb^ido-3-fiLrabonic  acid  was  precipitated  from  this  solution  by  means  of 
basic  lead  acetate.  The  precipitate  was  filtered  off,  washed,  and, ’suspended  In 
water j  the  lead  was  precipitated  from  this  suspension  with  hydrogen  sulfide.  After 
removal  of  the  lead  sulfide,  the  filtrate  was  boiled  for  15  minutes  to  remove  the 
excess  of  hydrogen  sulfide.  The  solution  was  then  boiled  with  calcium  carbonate. 

The  filtered  solution  was  concentrated  in  vacuum  to  a  minimal  volume.  Upon  gradual 
addition  to  this  solution  of  absolute  ethyl  alcohol,  amorphous  floes  of  the  calcium 
salt  of  0a3,A5^osido-3-arabonic  acid  precipitated.  Yield  44.2  g,  i.e.,  45^  of  theory. 
The  salt  was  purified  by  recrystallitation  from  hot  water. 

0.1417  g  Fubd^^ce:  O.OII5  g  CaO. 

0.1778  g  substance;  O.OI53  g  CaO. 

Found  Ca  5*82,  6.17. 

(CiiHi90ii)2Ca.  Calculated  ‘jo:  Ca. 

2.  The  Oxidation  of  the  Calcium  Salt  of  .Qalactosido-3-arabonlc  Acid 

In  a  liter  round-bottomed  flask,  43.5  g  of  "the  calcium  salt  of  galacto- 
sido-3-arabonic  acid  was  dissolved  in  8OO  ml  of  water  and -to'  tfeis' solution  were 
added  5*3  g  of  barium  acetate  in  58  nCi  of  water  and  4.4  g  of  ferric  sulfate.  After 
15  minutes  of  boiling,  the  solution  was  filtered.  To  the  cooled  solution,  80  ml  of 
30^  perhydrol  solution  was  added.  The  temperature  of  the  reaction  medium  was  not 
allowed  to  rise  above  room  temperature.  After  3  hours,  an  additional  35  of  per¬ 
hydrol  was  added  to  the  reaction  solution,  At  the  end,  the  solution  was  gently 
heated  on  the  water  bath.  It  was  then  filtered  through  wood  charcoal  on  a  Buchner 
funnel  and  evaporated  to  a  minimum  volume  under  reduced  pressure.  Upon  gradual 
addition  of  absolute  methyl  alcohol  to  the  concentrated  solution,  crystals  precip¬ 
itated  out.  The  p-galactosido-2-erythrose  obtained  was  recrystallized  twice  from 
hot  water.  Yield  21.4  g,  i.e.,  60^  of  theory.  M.p.  of  the  pure  compound  154-155* j 
[alp°  =  +22.5?*  (in  water). 

Zeraplen  [s]  describes  g8LlactoBldo-2-erythrose  as  a  syrup  with  =  +18* 

(in  water) . 

0.1222  g  substance:  O.I881  g  C025  O.O763  g  H2O. 

Found  y.  C  42.195  H  7-02. 

C10H18O9.  Calculated  C  42.585  H  6.32. 

The  acetylated  galactosido-2-erythrose  has  m.p.  138-140*. 

0.3667  g  substance:  4l.6  ml  0.1  N  NaOH 

0.3030  g  substance:  35*4  ml  0,1  N  NaOH 
Found  %:  COCH3  48.49,  48.27. 

C22H3o8i5*  Calculated  COCHa  48.30. 

3.  The  Oxidation  of  Galactosldo-2-erythrose 
and  the  Cleavage  of  the  Acid  Obtained 

19.8  g  of  gnlactosido-2-erythrose  was  dissolved  in  400  ml  of  bromine  water, 
and  this  solution  was  allowed  to  stand  in  the  light,  with  frequent  shaking.  In  case 
the  solution  was  decolorized,  a  few  additional  millilitres  of  bromine  water  were 
added.  After  4  days,  the  solution  was  heated  to  boiling  and  neutralized  with  cal¬ 
cium  carbonate.  The  solution  was  filtered  off  from  the  excess  of  calcium  carbonate 
and  evaporated  to  a  minimal  volume.  Upon  the  gradual  addition  of  absolute  ethyl 
alcohol  to  the  concentrated  solution,  a  precipitate  of  the  calcium  salt  of  galacto- 
6ido-2-e3rythronic  acid  was  formed.  This  was  filtered  off  and  dried.  Yield,  15.9  g. 
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l.e.,  64^  of  theory. 


0.1679  g  substance:  0.0142  g  CaO. 
'  Found  Ca  6.02. 

(CioHi70io)2Ca.  Calculated  Ca  6.45. 


3.7  g  of  the  calcium  salt  of  galactoBldo-2-erythronic  acid  was  dissolved 
in  150  ml  of  water  and  the  calcium  removed  from  this  sol(itipn  with  a  calculated 
quantity  of  oxalic  acid.  After  removal  of  the  calcium  oxalate,  the  filtrate  was 
boiled'  with  100  ml  of  a  5%  solution  of  sulfuric  acid.  Then  the  solution  was  neu¬ 
tralized  with  calcium  carbonate,  filtered,  and  concentrated  to  a  small  volume. 


Upon  the  gradual  addition  to  the  concentrated  solution  of  absolute  alcohol 
floes  of  the  calcium  salt  of  erythronic  acid  were  precipitated.  The  precipitate 
was  filtered  off  and  dried. 

0.1162  g  substance;  0.02l8  g  CaX). 

0.1448  g  substance;  O.O265  g  CaO. 

Found  Ca  13.49,  12.04-. 

(C4H705)2Ca.  Calculated  Ca  12. 90. 

The  precipitate  of  calcium  salt  (after  analysis  of  the  calcium)  was  dissolved 
in  100  ml  of  water  and  the  calcium  precipitated  from  this  solution  with  the  calcu¬ 
lated  amount  of  oxalic  acid.  Upon  evaporation  of  the  filtered  solution  to  dryness 
in  vacuum,  there  was  obtained  the ¥•  lactone  of  d-erythronic  acid,  with  m.p.  103- 
104®  (a]g°=  —  69.9®  (in  water).  According  to  the  literature  [a],  the  lactone  of  d- 
erythronic  acid  h^  m.p.  IO3*,  (a]£°=  —  75*3®  (in  water).  The  phenylhydrazide  of 
d-erythronic  acid  inelted  at  I28-I31®.  According  to  the  literature  [4],  the  phenyl¬ 
hydrazide  of  d-erythronic  acid  has  m.p.  128®. 

0.1074  g  substance;  12.6  ml  N2  (13®,  732  mm). 

0.1281  g  subi^tance;  15*1  ml  N2  (13®,  732  mm). 

Found  N  13- 60,  13.49. 

C10H14N2O4.  Calculated  N  12.28. 

After  removal  of  the  calcium  salt  of  erythronic  acid,  the  solution  was  heated 
with  acetic  acid  and  phenylhydrazlne.  The  yellow  precipitate  obtained  was  filtered 
off  and  recrystallized  from  alcohol.  The  melting  point  of  the. pure  substance  was 
195-197® •  A  mixed  test  with  galactcsazone  gave  no  depression. 

10.6  g  of  the  calcium  salt  of  galactosido-2-erythronic  acid  was  dissolved 
in  100  ml  of  water.  Tills  solution  was  heated  to  6O-7O®,  and  100  ml  of  dimethyl 
sulfate  added j  then  there  was  gradually  added,  with  vigorous  stirring,  a  23^  solp.- 
tion  of  caustic  soda  at  such  a  rate  that  the  reaction  medium  was  at  all  times 
maintained  weakly  alkaline. 

At  the  <ind  of  the  reaction,  the  solution  was  boiled  for  10  to  I5  minutes. 

The  methylated  product  was  extracted  from  the  solution  with  chloroform.  After  dry¬ 
ing,  and  evaporation  of  the  chloroform,  there  was  obtained  a  syrup  of  the  methyl 
ester  of  hexamethylgalactosido-2-erythronic  acid  with  ng®1.5074.  Yield  9.9  g,  or 
71^  of  theory. 

0.1013. g. .substance ;  0.4059  g'Agl. 

■  .  '  ■'  Foiind  0C^3  54.47, 

C17H32O10.  Calculated QCH3  54.89. 

9.7  g  of  the  methyl  ester  of  hexaniethylgalactosido-2 -erythronic  acid  was 
heated  at  the  boiling  point  for  20  minutes  with  25O  ml  of  a  5^  solution  of  sulfuric 
acid.  The  solution  was  then  neutralized  with  calcium  carbonate  and  filtered.  Upon 
the  gradual  addition  of  absolute  ethyl  alcohol  to  the  concentrated  solution,  floes 
of  the  calcium  salt  of  dimethyl-d-erythronic  acid  precipitated  out. 

The  calcium  salt  obtained  was  dissolved  in  I50  ml  of  water,  and  2.8  g  of 
barium  acetate  and  I.5  g  of  ferric  sulfate  dissolved  in  50  nil  of  water  were  added. 


I2f 


I 


The  reaction  mixture  was  heated  for  a  short  time,  and  then  cboledj  50  nil  a 
50^  solution  of  perhydrol  was  added.  After  5  hours,  an  additional  10  ml  of  per- 
hydrol  was  added. 

The  solution  was  filtered  and  mixed  with  100  ml  of  bromine  water,  and  then 
allowed  to  stand  in  the  light  for  5  days  with  frequent  shaking.  After  neutraliza¬ 
tion  with  CaCOa,  the  solution  was  filtered  and  concentrated  to  a  minimal  volume. 

Upon  the  addition  of  absolute  ethyl  alcohol  to  the  concentrated  solution,  floes  of 
the  calcium  salt  of  dimethylglyceric  acid  precipitated  out. 

0.2009  g  substance;  O.O562  g  CaO. 

Found  Ca  12.86. 

(C5Ho04)2Ca.  Calculated  Ca  I3.O7. 

Upon  methylation  of  the  Ca  salt  of  dimethylglyceric  acid  with  dimethyl  sulf¬ 
ate  in  the  presence  of  alkali,  the  methyl  ester  of  dimetliylglyceric  acid  was  obtained 
it  had  b.p.  78-80*’  l^t  13  mm);  d|°  1.06l3j  ng°  1.4610. 

0.1012  g  substance;  0.4772  g  Agl. 

Found  OCHb  62.98. 

CaHiaOe*  Calculated  OCH3  62.83. 

SUMMARY 

1.  The  oxidation  of  lactal  by  means  of  potassium  permanganate  gave  galactos- 
ldo-3-arabonic  acid. 

2.  The  oxidation  of  galactosa.do-3-arabonic  acid  with  perhydrol  gave  galacto- 
sido-2-erythrose. 

3.  GalactoGido-2-erythronic  acid  has  been  obtained. 

4.  The  methyl  ester  of  heptamethylgalactosldo-2-erythronic  acid  has  been 
obtained. 
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SULPONATION  OF*  SALTS  OP  SULPUROUS  ACID 
nv.  im  MBCHAT^SM  OP  "OXIDATIVE"  SULPONATION 

S.  V. .  Bogdanov  and  I. .  B.  Migacheva 

Ivanovsky  chemlca V-fochnologlcal  Institute 

We  consider  "oxidative"  sulfonation  to  "be  the  formation  of  sulfo-aclds,  pro¬ 
duced  by  the  action  on  any  compound  of  sulfurous  acid  or  salts  and  oxidizing  agentfe 
derived  from  the  latter.  Hence  we  exclude  those  cases  where  sulfonation  is  accom¬ 
panied  by  the  reduction  of  substituents  in  the  same  molecule  of  the  sulfonated  com¬ 
pound,  as  in  the  case  of  quinones,  and  nitro  and  nitroso  compounds,  as  well  as  sulf- 
onation  in  the  presence  of  such  extraneous  oxidizing  agents  as  aromatic  o-  and  p-di 
hydroxy,  aminohydroiy,  and  diamlno  compounds.  With  the  first  group,  and  possibly 
with  the  second  as  well,  the  mechanism  of  sulfonation  must  be  distinguished  from 
"  oxidative"  sulfonation  proper^ 

Oxidative  sulfonation  with  sulfurous  acid  and  manganese  dioxide  was  first 
observed  by  H.^^euchs-and  coworkers  (I9O8-I912),  with  strychnine  and  brucine j 
later,  J.  Garreau  (193^) ^  by  the  action  of  oxygen  with  ammonium  sulfite  and  copper 
oxide  in  amuonlacal  solution  on  phenol  and  guaiacol  obtained  the  sulfonic  acids  of 
phenol  and  : guaiacol. 

We  have  shown  [1]  that  the  oxidation  of  on  aqueous  solution  of  sodium  sulfite 
in  the  presence  of  2-naphthol,  2-hydroxyi5 -naphthoic  acid  2,4-,  2,6-,  and  2,7-naph- 
thols\ilfonlc  acids,  and  2-naphthol-5>6-disulfonlc  acid  also  leads  to  the  sulfonation 
of  the  hydroxy  compound,  with  substitution  taking  place  In  position  1.  A  number  of 
oxidizing  agents  lead  to  the  formation  of  sulfonic  acids:  Mn02>  Pb02>  -H^O,  CuO, 

air,  nitric  oxide,  sodium  nitrite,  arcmatic  nitro  and  nitroso  compounds. 

Here  we  may  also  refer  to  P.  Baumgarten's  [2]  observation  of  the  formation  of  anhyd- 
ro-K-pyridlnlum  sulfonic  acid  by  the  oxidation  of  a  mixture  of  sulfite  cuid  pyridine 
with  copper  sulfate,  monopersulfurlc  acid,  or  air,  and  the  formation  of  amino sulfon¬ 
ic  acids  by  the  oxidation  of  sulfite  with  potassium  persulfate,  rcncper sulfuric  acid, 
or  the  action  of  fen  anode,  all  in  the  presence  of  ammonia. 

H.  Leuchs  and  W.  Schneider  considered  that  the  formation  of  sulfonic  acid  was 
the  result  of  a  process  similar  to  the  one  leading  to  the  formation  of  dithionates: 

R-H  +  O  +  H-  SO3H  =  R  -  SO3H  +  H2O 
(R  =  SO3H  or  the  rest  of  the  organic  molecule). 

According  to  P.Baumgarten  and  H.  Erbe,  monopersulfurlc  acid  and  the  salts  of 
bivalent  Cu  change  the  SOa"  ion  into  the  (SO2  —  0  —)  *  ion,  and  the  other  oxidizing 
agents  form  the  (-5O3)'  ionj  both  products  of  oxidation  result  in  the  sulfonation 
of  ammonia,  as  for  example: 

NHa  +  (-SO3) '  - NB3,  -  S03'  KHg  -  SO3H  +  SO3"  . 

Anhydro-N-pyridlnium  sulfonic  acid  is  obtained  similarly,  but  only  by  way  of  the 
(SOo-O”) '  ions.  V.A.Izmailsky  [3]  explained  our  case  of  the  sulfonation  of  hydroxy 
compounds  by  means  of  the  formation  of -sulfijinic  acids  and  their  oxidation.  In  our 
experiments  with  Mn02j  HgO,  NaII02>  nitro  and  nitroso  compounds,  and  dlazoBulfonate, 
it  was  shown  that  s'oJ.fonatlon  takes  place  because  of  oxidation  of  the  sulfite  in  such 
a  way  as  to  change  it  into  sulfate  (the  last  five  oxidizing  agents,  in  the  absence 
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of  the  sulfonatlon  process,  can  give  only  sulfate).  We  further  determined  the  sulf- 
onating  tendency  of  individual  derivatives,  of  sulfurous  acid,  like 

(I)  [Hg(S03)2]Na2;  (II)  H0N(S03K)25  (IH)  K2SO3,  2N0; 

(l)  sulfonates  2-hydroxy-3 -naphthoic  acid,  1-naphthol,  aniline,  and  l-naphthylamine: 
the  amino  compounds  ore  substituted  both  in  the  aminogroup  and  in  the  nucleus.  (ll) 
and  (III)  sulfonate  aniline,  the  substituent  entering  exclusively  or  almost  exclu¬ 
sively  into  the  amino  group:  they  do  not  sulfonate  hydroxy  compounds.  Upon  reaction 
with  water,  these  compounds  give  sulfate.  The  dependence  of  the  direction  of  sub¬ 
stitution  on  the  structure  of  the  organic  substance  and  on  the  composition  of  the 
sulfonating  compound  shows  that  sulfonation  and  the  formation  of  sulfate  do  not 
take  place  by  way  of  a  preliminary  cleavage  of  the  sulfonating  compound,  but  by  way 
of  its  interaction  with  the  organic  compound  or  with  water. 

To  complete  this  series  of  investigations  it  was  of  interest  to  trace  the 
course  of  the  oxidation  of  sulfite  with  other  oxidants  —  both  those  which  lead  to 
sulfate,  as  well  as  those  which  form  large  amounts  of  dlthionate.  To  the  first  group 
belong  iodine,  hydrogen  peroxide,  potassium  persulfate  and  permanganate,  and  quinone. 
According  to  H.  Bassett  and  A.  Henry  [4],  iodine,  hydrogen  peroxide,  and  permanganate 
oxidize  neutral  sulfite  only  to  sulfate;  the  oxidation  of  sulfurous  acid  and  acid 
sAlts  can  give  dlthionate  with  a  yield  up  to  0,8,  1.0,  and  24^  of  the  SO2  oxldizec^. 
During  the  oxidation  of  sulfite  with  persulfate,  2$  of  the  SO2  oxidized  [5],  is  ;• 
transformed  Into  dlthionate 5  in  the  presence  of  coordlnation-unsaturated  compounds 
such  as  pyridine,  dioxane,  fluoride,  and  excess  of  sulfite,  and  so  on,  the  yield  of 
dlthionate  sharply  increases  [2].  The. action  of  quinone  on  sulfite  does  not  form 
dlthionate  [0].  Among  the  oxidizing  agents  which  lead  to  the  formation  of  dithlo- ' 
nate,  we  must  place  silver,  copper,  and  iron  compounds.  Silver  sulfite,  on  decompos¬ 
ition  d.a  water,  gives  89.8^  of  silver  dlthionate;  the  oxidation  of  sulfite  with 
silver  nitrate,  used  in  the  ratio  5:1,  leads  to  a  97»5^  yield  of  sodium  dlthionate, 
basing  the  calculation  on  the  silver  used  [r].  The  oxidation  of  sulfite  with  copper 
sulfate,  at  room  temperature,  with  a  ratio  of  Cu-'xSOs’*  of  1:5  or  1:4,  gives  45-69^ 
or  82^  of  dlthionate,  basing  the  calculation  on  the  copper  salt, [a].  Ferric  oxide 
and  sulfurous  acid  give  an  almost  theoretical  yield  of  dlthionate;  a  weakly  acid  : 
solution  of  Terric  chloride  reacts  with  sulfite  to  give  only  36-465J»  of  dlthionate, 
while  in  alkaline  solution  the  yield  of  dlthionate  is  increased,  [a]. 

In  our  experiments  on  the  oxidation  of  sulfite,  we  used  an  insufficient  am- 
mount  of  oxidizing  agent;  this  to  some  extent  permitted  us,  at  a  suitable  concentra¬ 
tion  of  the  organic  substo.nce,  to  keep  it  from  reacting  directly  with  the  oxidizing 
agent . 

The  oxidation  of  sulfite  with  iodine  and  hydrogen  peroxide  at  50®  in  the 
presence  of  2-naphthol-7-sulfonic  acid,  as  well  as  the  oxidation  with  potassium  per¬ 
sulfate  in  the  presence  of  2,4-  and  2,7-naphtholBulfonlc  acids  at  30-50®  and  50-85“ 
did  not  lead  to  the  formation  of  sulfonatlon  products; ,  the  use  of  alkaline  sulfite 
solution  during  the  oxidation  with  Iodine  did  not  change  these  results. 

The  oxidation  of  sulfite  with  pemanganate  at  70“  in  the  presence  of  2-hydr- 
oxy-3 -naphthoic  acid,  2,4-,  2,6-,  and  2,7-iiaphtholsulfonlc  acids,  and  2-naphthol- 
5, 6-di sulfonic  acid  gave  products  of  the  sulfonatlon  of  the  hydroxy  compounds,  with 
yields  from  l4.5  to  28^  of  the  amount  of  sulfite  oxidized.  But  we  may  suppose  that 
the  chief  reason  sulfonation  took  place  was  not  the  reduction  of  the  permanganate, 
but  the  further  reduction  of  the  manganese  dioxide,  k  sum  of  the  quantities  of  sulf¬ 
ite  used  up  to  form  sulfate  and  sulfonic  acid  is  close  to  the  amount  of  sulfite  trans¬ 
formed  into  sulfate  in  the  absence  of  the  compound  which  is  sulfonated. 

In  the  reaction  of  l,2-naphthoquinone-4-sulfonlc  acid  with  bisulfite  In  the 
presence  of  2-hydroxy -3-naphthoic  acid,  sulfonatlon  also  took  place,  and  with  an 
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equ? molecular  ratio  of  hydroxy  compound  and  oxidizing  agent,  the  yield  of  sulfonic 
acid  was  15^  of  the  amount  of  hydroxy  compound  used. 

Silver  nitrate  was  also  used  as  oxidizing  agent,  as  veil  as  silver  oxide, 
ferric  chloride,  and  copper  sulfatej  the  experiments  were  performed  with  2-hydroxy 
5-naphthoic  acid.  With  silver  nitrate,  the  ratio  of  Ag'iSOa"  :hydroxy  compound  was 
2:3; 1.  In  one  experiment,  the  hydroxy  compound  was  added  to  a  mixture  of  silver 
nitrate  and  sulfite,  and  the  mixture  was  then  holled)  in  another,  a  solution  of 
silver  nitrate  was  added  to  the  toiling  solution  of  sulfite  and  hydroxy  compound. 

In  both  cases,  practically  complete  reduction  of  the  silver  salt  resvilted,  but 
sulfonation  took  place  to  a  negligible  degree.  Upon  substituting  silver  oxide  for 
the  silver  nitrate,  19^  of  the  hydroxy  compound  formed  sulfonic  acid. 

With  ferric  chloride,  using  a  ratio  of  Fe BO3 hydroxy  compound  equal  to 
2:3:1,  and  the  same  experimental  conditions  as  for  silver  nitrate,  39  cm'I  23^  res¬ 
pectively  of  the  hydroxy  compound  was  sulfonated. 

With  copper  sulfate  and  a  ratio  of  Cu*  *  :S03' '  :hydroxy  compound  of  2:6:1, 
with  the  sane  conditions  as  before,  the  yield  of  sulfonic  acid  reached  24  and  50^5 
in  contradistinction  to  what  was  found  with  ferric  chloride,  better  results  were 
obtained  with  gradual  addition  of  the  oxidizing  agent. 

The  experiments  showed  that  not  all  the  oxidizing  agents  which  change  sulf¬ 
ite  into  sulfate  are  capable  of  transforming  the  hydroxy  compounds  into  sulfonic 
acid,  and  that  oxidizing  agents  which  give  a  great  deal  of  dlthlonate  may  also  lead 
to  the  formation  of  sulfonic  acids.  This  is  iu  accord  with  the  suggestion,  which 
we  give  below,  about  the  mechanism  of  ’’oxidative"  sulfonation. 

In  the  opinion  of  H.  Bassett  aind  A. Henry  [4],  with  oxidizing  agents  contain¬ 
ing  easily  reduced  metallic  ions,  the  formation  of  sulfate  and  dlthlonate  takes 
place  by  way  of  selfoxidlzing-selfreduclng  complex  ions  like  [Fe(S03)3]  , 

[Ag(S03)2l ,  [Mn(S03)3]''  .  With  metals  which  are  capable  of  accepting  only  a  sin¬ 
gle  electron  (Cu**,  Fe***,  Ag*)  Blngly-chai*ged  SO3'  groups  are  formed  in  the  com¬ 

plex.  When  two  such  altered  complexes  encounter  each  other,  the  dlthlonate  ion 
is  formed,  and  when  the  complex  encounters  the  original  complex  SO3*  ion,  the 
electron  is  given  up  to  the  new  metal  ion,  and  neutral  SO3  is  formed,  giving  rise 

to  sulfate.  One  and  the  same  complex  leads  to  sulfate  and  to  dlthlonate,  their 

ratio  being  independent  of  the  concentration  and  acidity,  and  being  determined 
only  by  the  nature  of  the  metal.  When  the  metal  >ion  is  capable  of  acquiring  two 
electrons  Pb****,  Hg**)  only  sulfate  is  formed.  Manganese  dioxide  can  give  both 
Mn***  and  Mn**,  and  lead  to  the  production  of  both  dithionate  and  sulfate,  depending 
on  the  sonditions. 

Sulfite-complexes  of  the  composition  claimed  by  these  authors  for  Ag*  and 
Mn* • • •  are  unknown;  that  for  Fe***  is  generally  denied  [10],  The  possibility  of 
forming  complex  ions  saturated  with  SO3  residues  is  improbable,  in  a  reaction  of 
this  kind.  Frequently,  the  total  number  of  anions  that  go  to  form  the  complex  ion 
is  less  not  only  than  the  coordination  number  of  the  metal,  but  than  its  valence. 
Thus,  the  complex  which  is  obtained  in  the  reaction  of  ferric  salts  with  thiosulfate, 
and  leads  to  the  formation  of  tetrathionate,  has  the  composition  [Fe  *  S2O3]*  [nj. 
The  composition  of  the  complexes  is  often  determined  by  the  ratio  of  the  components; 
thus,  ferric  salts  and  sodium  hypophosphite,  depending  on  the  amount  of  the  latter, 

[Fe3(0H)(H2P02)6l“  and  [Fe (HgO)  (H2P02)s ]  **  [12]. 

A. K. Babko  [i3]  has  shown  that  in  the  reaction  of  Fe***  with  CN3',  depending 
on  the  concentration  of  CNS',  there  is  formed  in  solution  a  series  of  complexes: 

[Fe (CNS)n]^^'^^  ,  where  n  =  1,  2,  4,  5,  and  m  =  3  ~  a. 
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while  with  an  excess  of  Fe***  ions,  [FeaCCNS) ] • • •  is  formed;  neighboring  forms  of 
complexes  are  in  equilibrium.  When  Fe***  and  F'  form  complexes,  the  first  form  is 
[Fe*F]**  la4].  E.M. Price  [is]  and  A.L.Zaides  [la]  have  shown  that  in  the  reaction 
of  sodium  sulfite  with  chromium  sulfate,  the  stepwise  complex  formation  increases 
as  the  value  of  the  ratio  SOa”  :Cr**  is  increased,  not  coming  to  an  end  even  with 
o  ratio  of  50:1.  The  data  given  above  on  the  oxidation  of  sulfite  with  copper  sulf¬ 
ate  and  ferric  chloride  are  in  contradiction  to  the  claim  of  H.  Bassett  and  A.  Henry 
about  the  ratio  of  dithionate  and  sulfate  being  independent  of  the  concentration  and 
acidity.  The  claim  of  these  authors  that  lead  dioxide  gives  only  sulfate  is  correct 
only  for  the  oxidation  of  sulfurous  acid;  with  sulfites,  large  amounts  of  dlthlon- 
ates  ore  formed  [i^J. 

In  our  opinion,  the  transition  of  SO3''  ions  into  sulfate  and  dithionate 
takes  place  according  to  the  scheme: 

S2OQ '  —  SO3  ”  — AA ►  SO4  **  , 

where  (a)  and  (b)  are  different  complexes,  of  which  one  leads  to  sulfate  and  the 
other  to  dithionate.  The  oxidation  of  SO3’'  to  SO4''  is  represented  as  due  to  the 
formation  of  a  molecule  of  SO3  inside  the  complex  ion  (a) ,  followed  by  decomposi¬ 
tion  of  the  ion.  For  example; 

+  bSOa"  — >•  (SOa'O^l  - ► 

(I)  I  -SOsl 

or ' 

(II)  -SOs). 


Here  Me  is  the  n-^valent  complex  forming  metal  ion,  and  a  equals  1,  2,  and  5»  With 
a  metal  ion  capable  of  accepting  2  electrons  at  once  (Mn****,  Pb****,  Hg**,  and 
perhaps  Cu**)^  the  reaction  follows  course  (l);  with  an  ion  capable  of  accepting 
a  single  electron  (Ag*,  Cu**,  Fe**»,  Mn***)>  the  reaction  goes  according  to  mech¬ 
anism  (ll).  The  transformation  of  the  complex  (B)  can  be  indicated  in  the  fol¬ 
lowing  way: 


(SOa'Od) 


[Me 


n(+) 

c-i 


(n-i)+ 


(SOa" ) 


d-i 


(S03')], 


and  the  formation  of  the  dithionate  results  from  the  dlmerisation  of  SO3'  residues 
from  two  complexes.  The  possibility  is  not  excluded  that  in  some  cases  the  forma¬ 
tion  of  SaOs''  laay  also  proceed  inside  the  complex  ion.  Having  learned  the  step¬ 
wise  character  of  complex  formation,  we  must  assume  that  the  ratio  d:c  (in  complex 
B)  is  greater  than  the  ratio  b:a  (in  complex  A). 


The  transformation  of  SOa” ' ion  into  neutral  sulfur  trloxlde  may  be  regarded 
not  as  an  isolated  act,  but  as  related  to  the  preliminary  hydration  of  the  SO3'* 
ion.  For  the  sake  of  simplicity,  it  laay  be  indicated  by  the  scheme: 


:  SO3"]  +  H2O  — ►  [Me’^^'^^ 


MJn-2)4-  +  jj  .  g(. 


H2SO4) 


:  SO3"  ]  — ^ 

H  :  0  ;  H 


The  donation  of  electrons  by  the  SOs”  ion^to.the  metal  ion  is  made  easier  by 

the  attraction  of  the  sulfur  trioxide  formed  for  the  electrons  of  the  oxygen  in  the 

water  molecule.  As  electron  donors  for  the  discharged  SO3’'  ions,  aquo  and  hydroxy 

groups  already  present  in  the  complex  ion  may  also  serve.  The  same  complex  acts 

as  a  sulfonating  agent.  The  mechanism  of  the  sulfonation  reaction  does  not  differ 
\ 


from  the  mechanism  of  sulfate  formation,  the  electron  donors  here  being  either  the 
amino  groups  in  amino  compounds  or  the  negative  carbon  atoms  in  phenols  or  amines: 


This  sort  of  mechanism  of  formation  of  sulfate  and  sulfonic  acids  is  applicable 
also  to  mercury  sodium  sulfite  [Hg(S03)2]Na2,  as  veil  as  to  hydroxylamine  disulfon¬ 
ate  [H0N(S03)2]K2  and  nitrosulfate  [ (N0)2S03 ]K2*  The  selective  sulfonating  abili¬ 
ties  of  these  three  compounds  with  regard  to  hydroxy  amino  compounds  depends  on  the 
possibility  of  the  nuclei  of  the  latter  entering  into  a  complex,  on  the  tendency  of 
a  neutral  atom  of  the  complex  to  acquire  electrons,  eind  on  the  activity  of  the 
electrons  in  one  or  another  part  of  the  molecule  of  the  new  component  in  the  com¬ 
plex. 

•Oxidative”  sulfonation,  at  least  with  regard  to  metal  compounds,  nitrite, 
and  nitric  oxide,  is  no  different  in  principle  from  the  formation  of  sulfuric  acid 
derivatives  by  means  of  compounds  containing  bound,  sulfur  trloxide,  such  as,  for 
example,  potassium  pyrosulfate,  salts  of  chloropyrosulfuric  acid  (NaS20eCl),  fluoro- 
sulfonates,  the  esters  of  chlorosulfonlc  acid,  trl- substituted  sulfamido  acids 

(R3N— SO3),  aminosulfonic  acid  and  its  derivatives  [IIH(S03NH4)2#  N(S03K)3,v.  .  .  . 
Ai'IIH-G03l']fl4 ,  NHs-CO-iiH-SOsH] ,  hydroxylamine -0- sulfonic  acid,  products  of  the  addi¬ 
tion  of  SO3  to  dioxane,  acylsulfuric  acids,  dialkyl  sulfates,  etc.  These  compounds 
are  unstable  to  water,  and  have  a  tendency  to  give  up  SO3  to  other  organic  and  in¬ 
organic  compounds  which  contain  free  pairs  of  electrons.  The  reaction  usually  takes 
place  in  the  absence  of  water,  but  it  is  sometimes  possible  also  in  aqueous  medium. 
Thus,  in  a  series  of  experiments  with  potassium  pyrosulfate,  potassium  and  ammonium 
fluorosulfonates,  the  methyl  and  ethyl  esters  of  chlorosulfonlc  acid,  and  trisubsti- 
tuted  sulfamido  acids  (for  example,  C5H5ff-S03)  [is]  the  reaction  with  phenols  in 
aqueous  solution  gave  their  sulfuric  acid  estersj  the  reaction  with  ammonia  and  with 
primary  and  secondary  amines  gave  N-sulfonic  acids j  the  reaction  with  tertiary 
amines  gave  trisubstltuted  sulfamido  acids;  with  sulfite,  dithionate;  with  ammonium 
fluoride,  fluorosulfonate;  with  sulfohydrate,  thiosulfate.  According  to  P.  Baum- 
garten,  pyrosulfate  has  the  structure  [804(303) ]K2,  and  he  explains  the  reactions 
just  citedas  due  tbithe  removal  of  sulfur  trloxide  by  substances  more  capable  of 
holding  it  than  is  K2SO4.  A  simller  explanation  may  be  given  in  other  cases  as 
well.  The  sui fonatirxg  action  of  aminosulfonic  acids,  observed  only  in  the  absence 
cf  water,  is  pictured  as  the  transfer  of  sulfur  trloxide  from  its  anhydrous  form 
+  ^ 

H3N— SO3  [is],  and  the  sulfonating  action  of  dimethyl sulfate,  according  to  V.N. 

Belov  and  I.V.Machinsky  [20]  is  explained  by  its  decomposition  into  (CH3)20  and 
3O3.  Because  of  the  tendency  of  concentrated  sulfuric  acid  to  transfer  sulfur  tri- 
oxide  to  HF,  rrH4F,  pyridine,  and,  as  A. M. Lukin  and  G.B.2Lavarikhlna  have  found  [21], 

^o  polycycloketones,  we  may  represent  even  the  usual  process  of  sulfonation  with 
sulfuric  acid  as  a  transfer  of  sulfur  trloxide  to  the  electron  doublet  of  the  polar¬ 
ized  double  bond  of  the  carbons  of  the  aromatic  nucleus.  This  viewpoint  is  very 
close  to  what  V.A. Izmailsky  [3]  has  suggested. 

In  consideration  of  everything  that  has  been  said  above,  we  see  no  great 
difference  between  the  mechanisms  of  "oxidative”  sulfonation  and  the  usual  kind. 

EXPERIMENTAL 

The  experiments  were  carried ‘out  in  a  three-necked  flask  with  stirrer,  reflux 
rendenser,  and  thermometer,  and  where  it  was  necessary,  with  a  dropping  funnel  as 
veil.  The  2-naphthol-U-sulfonic  acid,  2-naphthol-6-6ulfonic  acid,  2-naphthol-7-sulf- 
onic  acid,  and  2-naphthol-5,6-disulfonic  acid  were  used  in  the  form  of  their  sodium 
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salts,  vhich  according  to  analysis  by  conjugation  with  p-dihzotcluene  were  95*2, 

87.2,  93.9,  and  86.1^;  all  these  were  free  of  isomers  and  mineral  salts. 

The  action  of  perr;anp!;g.nate  on  sulfite  and  derivatives  of  2-»naphthol.  In  these 
experiments,  the  sodium  sulfite  used  contained  45.02^  NasSOa  and  ^,19^  Ha2S04.  The 
potassium  permanganate  solution  had  1  mole  of  KKn04  in  ^&12  ml. 

The  solution  of  0.04  mole  of  sodium  salt  of  naphtholsulfonlc  acid  and  0.1 
mole  of  sulfite  in  200  ml  of  water  was  heated  to  70**  j  and  75  permanganate  solu¬ 

tion  (0.01968  mole)  was  added,  with  stirring,  in  a  50  minute  period,  l^on  reduction 
to  manganese  dioxide,  this  amount  of  permanganate  was  capable  of  changing  0.02592 
mole  of  sulfite  into  sulfate.  After  10  minutes  of  stirring  at  70®,  the  precipitate 
of  zaanganese  dioxide  was  filtered  off  and  washed  with  water,  and  the  filtrate  was 
analyzed  by  the  method  described  earlier^  the  remaining  sulfite  was  determined,  as 
well  as  the  araount  of  sulfate  formed,  and  the  amount  of  unchanged  sulfonic  acid  and. 
the  product  of  its  sulfonation.  It  was  shown  in  preliminary  experiments  that  the 
products  of  the  oxidation  of  naphtholsulfonlc  acid  by  permanganate,  obtained  \mder 
similar  conditions,  but  in  the  absence  of  sxilflte,  did  not  absorb  iodine  in  acid 
medliim  and  did  not  interfere  with  the  determination  of  sulfite.  The  experimental 
data  are  given  in  a  table  beloV.  In' ex^)eriment  1,  a  solution  of  sulfite  alone  was 
oxidized. 


2  2.Naphthol^$.  j  Q 

sulfonic  acid  ^  ^ 

3  2-NaphthoL*^-. 
sulfonic ■  • 

acid  29.56  69.45  25.05 

4  2-Naphthol-3,6 
di sulfonic 

acid  31.90  69.05  26.56 

5  2-iraphthol-4- 

sulfonlc  acid  31*11  65.82  28.15 


92.78 


92.50 


95.61 


93.97 


10.96 

17.03 

21.17 

21.89 


46.01 

63.13 

55.13 
58.08 


Similar  experiments  were  carried  out  with  the  sodium  salt  of  2 -hydroxy •*-3- 
naph thole  acid.  After  removal  of  the  manganese  oxides,  the  solution  was  acidified 
and  0.03062  mole  of  unchanged  hydroxyraphthoic  acid  was  removed  frcui  the  filtrate) 
the  filtrate  was  then  concentrated  and  potassium  chloride  added.  Heedles  of  the 
potassium  salt  of  l-sulfo-2-hydroxy-5-naphtholc  acid  precipitated.  The  yield  of  • 
sulfonic  acid,  determined  by  the  amount  of  hydro^qrnaphthoic  acid  formed  After  hyd¬ 
rolysis,  was  0.0047  mole. 

The  action  of  lyrd^og^n  peroxide  and  iodine  on  sulfite  and  2-naphthol-7- 
Rulfonic  acid.  In  these  experiments,  the  sodium  sulfite  used  contained  43.02^ 
Na^Os  and  6.19^  Na2S04)  the  hydrogen  peroxide  contained  2.762  g  H2O2  and  O.OC63  g 
H2SO4  in  10  ml)  the  iodine , solution  was  1  N  (K  =*  O.9826). 

A  solution  of  0.04  mole  of  naphtholsulfonlc  acid  and  0.1  laole  of  sulfite  in 
200  mi.  o.f  vnter  was  heated  to  5^*j  ^jolutlon  of  5  hydrogen  peroxide  in 


45  ml  of  water  was  added  In  a  55  minute  period.  The  amount  of  sulfite  that  was 
oxidized  and  completely  changed  to  sulfate  was  40.55^)  the  naphtholsulfonlc  acid 
was  completely  unchanged.  > 

The  experiments  with  iodine  were  carried  out  similarly.  In  the  first  ex¬ 
periment,  the  amount  of  iodine  taken  was  that  necessary  to  oxidize  24.56^  of  the 
sulfite,  l.e.,  50  ml.  While  the  iddlne  was  being  added,  the  solution  became  cloudy. 
The  sulfite  1:hat  reacted  amounted  to  51  *^2^^  "the  sulfite  transformed  Into  sulfate, 
50.75^.  No  formation  of  dlsulfonlc  acid  was  found.  The  Increased  consumption  of 
the  sulfite*  cdul<r  be  explained, 'oil,  th^  dne-hand;  by  the  autoxidatlon  of  the  sulfite, 
which  was  catalyzed  by  I‘  ions,  and  on  the  other,  by  the  formation  of  sulfur  ac¬ 
cording  to  the  equation:  522803  =  2H2SO4  +  S  +  H^O. 

In  the  experiment  in  alkaline  medium,  O.O6  g-atom  of  iodine  (61.I  ml)  was 
used,  and  O.O6  mole  of  caustic  soda  was  added  to  the  solution  of  naphtholsulfonlc 
acid  and  sulfite.  The  amount  of  sulfite  that  reacted  was  O.O5186  mole,  but  during 
the  precipitation  of  BaS04,  further  oxidation  of  the  sulfurous  acid  took  place,  and 
the  amount  of  sulfate  was  0.055  mole.  No  naphtholdisulforxic  acid  was  found. 

The  action  of  persulfate  on  sulfite  and  2,7-  and.  2, 4 -naphtholsulfonlc  acids.  • 
In  these  experiments,  potassium  persulfate'  (purified  for  ajoalysls)  was  used,  with 
a  preliminary  determination  of  the  amount  of  active  oxygen  and  the  amount  of  sulf¬ 
ate  formed  during  reduction;  the  sodium  sulfite  had '42.71^  Na2S03  and  6.50^  Na2S04.* 

In  the  solution,  0.02  mole  of  2-Daphthol-7-sulfonic  acid  and  0.1  mole  of 
sulfite  in  200  ml  of  water  were  heated  to  50*5  5*^1  H  (0.02  mole)  of  pprsulfate 
was  added  all  at  once  (the  temperature  of  the  liquid  limedlately  rose  by  10®). 

The  solution  was  heated  to  50*7  ^2.  agitated  at  this  temperature  for  2  hours.  The 
a:aount  of  sulfite  oxidized  was  22. 80^,  and  of  this  95*26^  formed  sulfate.  In  a 
similar  experiment,  the  persulfate  was  added  at  50*7  s^nd  the  solution  maintained 
at  85®  for  2  hours.  In  this  case,  25.40^  of  the  sulfite  was  oxidized,  and  95*25^ 
of  it  formed  sulfate. 

An  experiment  with  2-naphthol-4 -sulfonic  acid  was  carried  out  similarly  at 
85*.  The  sulfite  oxidized  was  22.66^,  and  of  this  94.70?^  went  td  form  sulfate. 

In  all  these  experiments,  the  monosulfonlc  acids  remained  unchanged. 

The  action  of  silver  nitrate,  silver  oxide,  ferric  chloride,  and  copper 
sulfate  on  sulfite  and  2 -hydroxy -5 -naphthoic  acid.  The  sodium  salt  of  2-hydroxy- 
-5-naphthoic  acid  used  was  98V8c3^  (by  iodometrlc  analysis);  the  solution  of  sodium 
bisulfite  contained  1  mole  of  NaHSOa  in  552.8  ml.,  and  the  solution  of  caustic 
soda  1  mole  in  ll4.7  ml. 

At  the  end  of  the  experiments,  the  reaction  mixture  'v^ap^f iltered,  the  pre¬ 
cipitate  washed  with  water,  and  the  filtrate  analyzed  as  previously  described. 

The  amounts  of  unsulfonated  hydroxy  compounds  and  of  sulfonic  acids  formed  were 
determined. 

Below  are  given  the  data  on  the  amounts  of  2-naphthol,  l-sulfo-2-hydroxy- 
-5-naphthoic  acid,  and  2-hydroxy-l-sulfonic  acid  formed,  calculated  on  the  basis 
of  the  2-hydroxy -5 -naphthoic  acid.  , 

I 

Silver  Nitrate.  1.  To  a  mixture  of  59*95  ml  (0.075  mole)  of  bisulfite  and 
8.6  ml  ( 0.075  mole)  of  caustic  soda  at  room  temperature,  a  solution  of  8.54  g 
(0.05  mole)  of  99*47^  silver  nitrate  in  45  ml  of  water  was  added  over  a  50  minute 
period;  then  a  solution  of  5*51^5  g  (O.O25  mole)  of  the  sodium  salt  of  hydroxynaph- 
thoic  acid  in  85  ml  of  water  was  heated  to  68®,  and  added.  The  mixture  was  boiled 
for  2  hours.  The  white  precipitate  which  had  been  formed  upon  mixing  the  silver 
nitrate  with  sulfite  ^.^f^quired  a  grayish  color  even  at  80° .  The  precipitate  was 
filtered  off  at  the  enu  of  the  experiment,  and  dried  in  air;  it  welglied  5*51  Sf 
contained  98.1*^  silver.  This  was  9^.47^  of  the  calculated  amount.  Upon  treatment 
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of  the  filtrate,  there  was  obtained  U.3472  g  of  99- 1?*  2-hydLroxy-3 -naphthoic  acid 
(m.p.  218.5® )j  from  this  filtrate,  0.1034  g  of  additional  unsulfonated  hydroxy 
compound  was  obtained.  Of  the  amount  of  hydroxy  compound  usect,  93-85^  was  re¬ 
covered  imsulfonated. 

2.  A  solution  of  5.3105  g  of  the  sodium  salt  of  2-hydroxy-3 -naphthoic  acid, 
39.95  ml  of  bisulfite,  and  8.6  ml  of  caustic  soda  in  85  ml  of  water  was  heated  to 
the  boiling  point,  and  a  solution  of  8.54  g  of  silver  nitrate  in  45  ml  of  water 
added  during  a  period  of  1  hour.:  The  mixture  was  boiled  for  an  additional  hour. 

Upon  treatment  of  the  reaction  mixture,  5*2965  g  of  98.6^  silver  was  obtained,  l.e, 
96.83^  of  the  calculated  amount,  and  4.467  g  of  hydroxy  compound,  i.e. ,  95*04^  of 
the  amount  taken.  In  both  cases,  after  removal  of  the  unsulfonated  hydroxy  com¬ 
pounds,  concentration,  and  addition  of  potassium  chloride,  there  precipitated  from 
the  aqueous  solutions  a  small  quantity  of  a  crystalline  material,  with  the  properties 
of  l-sulfo-2-hydroxy-3-naphthoic  acid. 

Silver  Oxide.  A  solution  of  5*3105  g  of  sodium  salt  of  hydroxynaphtholc 

acid,  39.95  ml  of  bisulfite,  and  8.6  ml  of  caustic  soda  in  85  ml  of  water  was  heated 
to  9O-94®,  and  a  paste  of  freshly  precipitated  silver  oxide,  obtained  from  8.9672 
g  (0.0525  mole)  of  silver  nitrate  and  45  ml  of  water,  was  added  over  a  5  minute 
period.  The  mixture  was  then  boiled  1^  hours.  The  liquid,  dai*k  brown  In  color, 
gradually  became  light  yellow,  and  silver  powder  settled  on  the  bottom  of  the 
flask.  Upon  treatment  of  the  reaction  mixture,  5*5502  g  of  S3. 6^^  silver  waa  ob-  ‘  • 
talned,  l.e.,  96.65^  of  the  calculated  amount;  analysis  of  the  filtrate  gave  3»334 
g  of  unsulfonated  hydroxy  compounds  and  0.8948  g  of  sulfonic  acid.  The  yield  of 
sulfonic  acid  amounted  to  19.04^  of  the  amount  of  hydroxy  compound  used,  and  65.51^'- 
of  the  amount  that  had  reacted.  The  separation  of  the  potassium  salt  of  l-sulfo-2- 
-hy dr oxy-3 -naphthoic  acid  was  carried  out  in  the  manner  indicated  above. 

Ferric  Chloride.  1.  To  39*95  nil  of  bisulfite  neutralized  with  8.6  ml  of 
caustic  soda  at  room  temperature,  l4.0  ml  of  a  ferric  chloride  solution  (O.O5  mole; 

1  mole  equals  280  ml)  was  added  in  a  period  of  8  minutes.  This  was  diluted  with  25 
ml  of  water,  and  a  solution  of  5'* 3105  g  of  the  sodium  salt  of  hydroxynaphtholc  acid 
in  85  ml  of  water  was  then  added.  The  mixture  was  boiled  for  1  hour.  Upon  the  addi¬ 
tion  of  ferric  chloride  to  the  sulfite,  an ^orange  precipitate  first  separated  out; 
this  quickly  dissolved  to  give  a  dark  red  color.  After  the  addition  of'%  of  the 
solution,  a  voluminous  orange-red  precipitate  again  formed.  This  turned  black  upon 
the  addition  of  the  .hydroxynaphtholc  acid  solution.  •  At  the  end  of  the  reaction,  the 
mass  had  a  brown  color,  and  the'  odor  of  sulfur  dioxide.  The  precipitate  was  filter¬ 
ed  off  and  washed  with  weak  alkali;  the  filtrate  contained  1.5493  g  of  unsulfonated 
hydroxy  compounds;  1.02  g  of  the  hydroxynaphtholc  acid  had  formed  l-sulfo-2-hydroxy- 
-5-naphthoic  acid,  and  0.80  g  had  formed  2-naphthol-l- sulfonic  acid.  The  yield  of 
sulfonic  acid  was  58*7^  based  on  the  amount  of  hydroxynaphtholc' acid  used,  and  57.8^  • 
based  on  the  amount  which  had  reacted. 

2.  To  a  solution  containing  5*3105  g  of  the  sodium  salt  of  hydroxynaphtholc 
acid,  39.95  nil  of  bisulfite,  and  8.6  ml  of  caustic  soda  in  85  ml'of  watel:*at'!!90-95“i 
there  was  added  l4  ml  of  ferric  chloride,  diluted  with  30  ml  of  water.  At  the  end 
of  the  experiment,  a  strong  odor  of  sulfur  dioxide  was  noted.  Of  the  hydroxy-naph¬ 
thoic  acid,  2.425  g  remained  unchanged,  0.759  g  formed  2-naphthol,  O.565  g  gave 
l-6ulfo-2-hydroxy-3-naphtholc  acid,  and  0.52’g  gave  2-naphthol -1-sulfonlc  acid.  The 
yield  of  sulfonic  acid  was  23.0^,  based  on  the  amount  of  liydroxynaphthoic  acid  used, 
and  71*4^  based  on  the  amount  that  had  reacted. 

Copper  Sulfate.  1.  To  a  mixture  of  79*9  ml  (O.I5  mole)  of  bisulfite  and  I7.2 
ml  (0.15  mole)  of  caustic  soda  at  room  temperature,  a  solution  of  12.6  g  (O.O5  mole) 
of  99 *07';^  copper  sulfate  in  40  ml  of  water  was  quickly  added.  This  was  followed  by 
a  solution  of  5*3105  g  (O.O25  mole)  of  the  sodium  salt  of  hydroxynaphtholc  acid  in 
65  ml  (''f  water.  The  mixture  was  heated  for  1  hour.  Upon  mixing  the  copper  sulfate 
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with  the  sulfite,  a  greenish -ye  How  flocculent  precipitate  was  formed;  after  the 
addition  of  the  hydroxynaphthoic  acid,  this  became  dark  brown,  and  upon  heating  it 
t’orned  light  brown  and  crystalline.  At  the  end  of  the  experiment,  a  i*aint  odor  of 
sulfur  dioxide  was  noted.  It  was  found  by  analysis  that  g  of  the  hydroxynaph¬ 

thoic  acid  remained  unchanged,  0.0424  g  had  gone  to  form  2-napJithol,  O.9525  g  had 
formed  1-sulfo-hydroxy -3 -naphthoic  acid,  and  O.I758  g  had  formed  2-naphthol-l -sulfonic 
acid.  The  yield  of  sulfonic  acid  was  24^  based  on  the  amount  of  hydroxynaphthoic 
acid  taken,  and  90.6‘Jo  based  on  the  amount  reacted. 

2.  To  a  boiling  solution  of  5.3105  g  of  sodium  salt  of  hydroxynaphthoic 
acid,  79.9  ml  of  bisulfite,  and  17*2  ml  of  caustic  soda  in  80  ml  of  water,  a  solu¬ 
tion  of  12.6  g  of  copper  sulfate  in  45  ml  of  water  was  added  over  a  45  minute  period. 
The  mixture  was  boiled  an  additional  hour.  At  the  beginning  of  the  addition  of  the’ 
copper  sulfate,  a  brown  precipitate  formed,  and  then  went  into  solution  again.  Later, 
an  Insoluble  crystalline  precipitate  of  -a  weak  brownish  color  was  formed.  Of  the 
hydroxynaphthoic  acid,  2.2311  g  remained  unchanged,  O.O195  g  formed  2-naphthol, 

2.192  g  gave  l-sulfo-2-hydroxy-3-naphtholc  acid,  ^d  0.1754  g  gave  2-naphthol-i- 
sulfonlc  acid;  the  yield  of  sulfonic  acid  was  50'^?»  based  on  the  amount  of  hydroxy¬ 
naphthoic  acid  taken,  and  9^*7^  based  on  the  amount  which  had  reacted. 

The  crystalline  precipitate  •which  had  been  formed  in  both  experiments  quickly 
took  on  a  green  color.  Under  the  action  of  sulfuric  acid,  it  evolved  sulfur  dioxide, 
and  gave  copper  sulfate  and  metallic  copper.  Under  the  action  of  alkali,  it  gave 
a  yellowish  precipitate  which  was  soluble  in  ammonia;  it  was  probably  the  double 
culfite  of  sodium  and  cuprous  copper. 

The  action  of  l,2-naphthoquinone-4-sulfonic  acid  on  sulfite  and  on  2-hydroxy- 
^ -naphthoic  acid.  A  solution  of  O.O5  mole  of  the  sodium  salt  of  2-hydroxy-3-naph- 
thoic  acid,  107  ml  (0.2  mole)  'of  bisulfite,  and  5-7  clL  (O.O5  mole)  of  caustic  soda 
in  65  ml  of  water  was  heated  to  95*5  over  a  30  minute  period,  13.O  g  (O.O5  mole)  of 
the  dry  sodium  salt  of  1, 2 -nax>hthoqulnone -4 -sulfonic  acid  was  added  in  small  portions. 
The  yellow-brown  solution  formed  was  boiled  for  1^/4  hours.  After  the  usual  treatment, 
7.31  g  of  hydroxynaphthoic  acid  (m.p.  218.5*)  was  obtained;  in  the  filtrate  from  this, 
there  were  found  0.11  g^  of  unchanged  hydroxynaphthoic  acid,  as  well  as  0.2  g  which 
had  been  converted  into  2-naphthol,  O.92  g  Into  1-sulfo -2 -hydroxy-3 -naphthoic  acid, 
and  0.51  g  into  2-naphthol-l-6ulfonic  acid,  (it  was  determined  in  advance  that  the 
presence  of  l,2-raphthchydroqulnoae-4-sulfonic  acid,  formed  from  the  qulnone sulfonic 
acid,  did  not  affect  the  ao:uracy  of  the  determination  of  sulfonic  acid  obtained  from 
hydroxynaphthoic  acid  by  the  method  of  analysis  used.)  The  yield  of  sulfonic  acid 
amounted  to  15*2^  based  on  the  amount  of  hydroxynaphthoic  acid  used,  and  80.3^ 
based  on  the  amount  which  had  reacted. 

Qualitative  experiments  showed  that  mixtures  of  bisulfite  with  l-nitroso-2- 
naphthol  or  2-nitroso-l-naphthol-4-sulfori.lc  acid  had  a  weak  sulfonating  tendency. 

SUMflARY 

1.  A  study  has  been  made  of  the  relation  of  several  derivatives  of  2-naphthol 
to  sulfite  which  is  undergoing  oxidation  by  iodine,  hydrogen  peroxide,  potassium  per¬ 
sulfate,  permanganate,  1,2 -naphthoquinone -4 -sulfonic  acid  (oxidizing  agents  which 
form  sulfate),  silver  nitrate,  ferric  chloride,'  and  copper  sulfate  (oxidizing  agents 
which  give  a  large  quantity  of  dithionate). 

2.  Of  the  oxidizing  agents  which  give  sulfate,  only  permjanganate  and  the 
quinone sulfonic  acid  gave  sulfonic  acids.  Tlie  other  oxidl-zlng  agents  gave  sulfonic 
acids  in  quantities  which  depended  on  the  nature  of  the  oxidizing  agent,  the  structure 
.'•f  the  sulfcnated  substance^  and  the  conditions  of  the  reaction;  silver  oxide  gave 

results  than  did  silver  nitrate. 


137 


5.  A  mechanlBm  has  been  given  for  the  oxidation  of  sulfite  by  metallic  com¬ 
pounds  to  give  sulfate  and  dlthionate,  and  a  mechanism  for  the  formation  of  sulf¬ 
onic  acid  during  oxidative  sulfonation. 

4.  It  has  been  shown  that  there  is  no.  difference  in  prinlcple  between  the 
mechanisms  of  oxidative  sulfonation  and  sulfonation  by  compounds  containing  bound 
sulfur  trloxlde. 
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THE  COLOR  OF  ORGANIC  DYES 
AND  THE  PLANAR  NATURE  OP  THEIR  MOLECULES  I. 


A.  I.  Kiprlanov  and  I.  K.  Ushenko 


OrcuDlo  Ch^aistry  institute  of  the  Acadeuy  of  Bcienoes  of  the  Ukrainian  66R 


At  present  it  may  be  considered  beyond  doubt  that  the  color  of  every 
organic  dye  Is  related  to  the  resonance  between  the  various  possible  structures 
it  may  have.  But  resonance  makes  its  appearance  only  in  plane  or  almost  plane  sys¬ 
tems  of  atoms.  Consequently,  ve  must  picture  the  molecules  of  dyes,  or  at  least 
the  conjugated  chains  in  the  dye  molecules,  as  lying  in  a  single,  or  almost  a 
single,  plane. 

The  question  then  arises:  what  will  happen  to  the  color  of  a  dye  if  ve,  by 
one  means  or  another,  destroy  the  planar  nature  of  its  molecules,  and  put  diffi¬ 
culties  in  the  way  of  their  resonance  structures? 


The  data  which  exist  in  the  chemlcsLl  literature  do  not  give  a  clear  answer 
to  this  question.  It  is  known  that  in  the  case  of  trans-a-methylstilbene,  in  whose 
molecule  the  methyl  is  an  obstacle  to  the  existence  of  the  two  benzene  nuclei  in 
a  single  plane  [i],  the  region  of  absorption  is  displaced,  la.  comparison  with  trans- 
stllbene,  toward  the  short-wave  direction  [2].  There  is  an  even  greater  displace¬ 
ment  in  the  same  direction  with  trans-a,a'-dlmethylstllbene.  In  the  case  of  cis- 
azobenzene,  the  benzene  nuclei  are  turned  at  an  angle  of  with  regard  to  each 
other,  while  trans -azobenzene  is  almost  plane  [a].  Corresponding  to  this  difference, 
c is -azobenzene  absorbs  in  a  region  of  shorter  waves  than  does  trans -azobenzene . 


However,  from  the  other  side,  Schelbe  showed  In  19^1  [4]  that  in  the  case  of 
several  monomethlne cyanines  of  the  quinoline  series,  the  substitution  of  methyl  by 
ethyl  is  related  to  steric  hindrance,  and  apparently  to  some  extent  deprives  the 
molecule  of  its  plener  structure,  resulting  in  a  displacement  of  the  absorption 
band  in  the  long--wave  direction.  Especially  interesting  data  were  obtained  by 
Brunnings  and  Corwin  [s]^  who  synthesized  several  dipyrrylmethenes  and  showed  that 
the'  Eubstitutlon*  in  compound  (l): 

H5C2OCO — - CH3  H3C==*=«=C00C2H5 


(I) 


N 

I 

H 


of  the  two  hydrogen  atoms  by  methyl  groups,  giving  compound  (ll): 


H5C2OCO - CHa  B3C 


CH^ 


H= 


(II) 


N 

I 

CH3 


I 

CH3 


COOC2H5 

CHa 


results  in  a  displacement  of  the  absorption  band  toward  the  red  by  40  m  ,  while 
simultaneously,  the  Intensity  of  absorption  decreases.  There  Is  no  difficulty 
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In  confirming,  1)7  means  of  models,  the  fact  that  the  methyl 'groups  on  the  hetero 
atoms  of  nitrogen  in  compound  (ll)  are  at  a  shorter  distance  from  each  other  than 
they  can  he  in  a  single  plane.  The  destruction  of  the  coplanar  relation  of  the 
pyrrol  nuclei  Is  apparently,  in  the  opinion  of  the  authors,  due  to  the  deformation 
of  the  valence  angles,  and  is  the  cause  of  the  displacement  of  the  absorption  hand 
in  the  long-vave  direction. 

A  similar  phenomenon  was  observed  by  Kllingson  and  Corwin  [e]  for  N-methyl- 
etioporphyrln  [o],  and  by  Vlttum  and  Brown  for  methylated  Indoanlline  dyes  [t]. 

In  1946  we  synthesized  a  series  of  thiocarhocyanlne  dyes  containing  phenyl 
groups  upon  the  hetero  atom  of  nitrogen.  In  these  syntheses,  ve  observed  a  remark¬ 
able  displacement  of  the  absorption  hand  toward  the  red  end  of  the  spectrum  In 
those  compounds  which  had  alkyl  or  aryl  [s]  groups  in  the  neighborhood  of  the  phenyl 
groups.  At  first  we  could  find  no  explanation  for  this  phenomenon,  and  were  even 
ready  to  consider  that  these  deeply  jc4lored  cconpoxinda  actually  had  a  different 
structxire  from  that  which  we  had  ascribed  to  them  on  the  basis  of  analysis  and  method 
of  preparation,  all  the  more  so  as  they  were  decolorized  by  alkali  [9]  with  unusual 
ease. 

However,  we  soon  synthesized  inonomethlnecyanlnes  of  the  same  type,  and  after' 
investigating  the  absorption  spectra  of  these  simpler  con5)Ounds,  we  arrived  at  the 
conclusion  that  the  cause  of  the  ancawalously  deep  color  was  the  impossibility  of 
these  compounds  having  a  plane  structure  of  the  molecule. 

Let  us  ccnsider  the  ccwgpounds  in  whose  absorption  curves  we  noted  the  indi¬ 
cated  steric  effects.  In  Table  1  are  given  the  absorption  maxima  emd  the  molecular- 
extinction  of  the  noncme thine thlocyanlnes  ve  obtained,  with  the  geo/Mpal  formula: 


R  R 


On  coifparlng  compounds  (l)  and  (ll),  ve  see  that  the  substitution  of  the  hyd¬ 
rogen  atom  in  the  methlne  group  of  the  first  by  methyl  very  strongly  displaces  the 

absorption  Moxlmun  in  the  long-vave 
direction,  and  decreases  the  intensity 
of  absorption.  The  same  thing  is  ob¬ 
served  on. comparing  compounds  (ill), 
(ly),  and  (V).  In  those  r.onoae thine - 
cyanines  containing  phenyl  radicals 
on  the  nitrogen  hetero  atoms,  the-  sub- 
fetitutiou  of  the  hydrogen  atom  in  the 
aethJjie  group  by  methyl  displaces  the 
.absorption  xsaxlmum  by  51  W.  in  the 
long-wave  direction.  The  substitution 
of  the  methyl  group  by  e-thyl  gives  an  additional  displacement  of  4l  mu  in  the  same 
direction.  The  deepening  of  the  color  la  accompanied  by  a  shEorp  decrease  in  the 
intensity  of  absorption,  which  is  typical  of  steric  effects  [10 J. 

From  Fig.  1,  in  which  the  structure  of  the  cation  of  dye  (l)  is  shown  with 
approximately  correct  valence  angles'*and  atonic  radii  [11],  it  can  be  seen  that- the' 
luethyl  groups,  and  to  an  even  greater  degree  the  phenyl,  attached  to  the  nitrogen 
hetero  atoms  leave  little  room  for  a  radicej.  which  substitutes  for  the  hydrogen  of 
the  methine  group.  Fig.  1  gives  the  cls-form  of . thlocyanlne,  Steric  hindrance  does 


TABLE  1 


Compound 

R 

R'^ 

in  mu 
max  ^ 

E  *10"^ 
rax 

I.... 

CH3 

H 

422 

8.1 

II.... 

c% 

CHa 

465 

6.0 

III.... 

CeHs 

H 

429 

7.5 

IV - 

CeEs 

CHa 

460 

5.5 

V.... 

CeHs 

C2H5 

501 

2.1 

i40 


not  prevent  the  transition  to  the  trariB-form. 

*1 

In  Table  2  Is  Hated  a  series  of  trluethlne- 
cyanlnes  we  have  synthesized.  These  contain  one 
or  two  phenyl  groups  attached  to  the  nitrogen  het- 
ero  atoa^  and  have  the  general  formula: 


R  CaHs 


Fig.  1. 


It  Is  obvious  from  Table  2  that  In  the  trlmethlnecyanlnes^  the  methyl  radlcail 
In  the  chr omophor e  neighboring  the  ethyl  radical  upon  the  nitrogen  he t ero  atom  (VIlJ 
has  little  Influence  on  the  absorption.  It  Is  clear  that  the  influence  of  the 

methyl  group  Is  considerably  strength¬ 
ened  In  thd  neighborhood  of  phenyl  • 
(VIII  and  IX) ,  and  that  when  we  intro¬ 
duce  a  second  methyl  group  alongside, 
the  second  phenyl  (X),  the  absorption 
maximum  undergoes  a  displacement  of 
30  mh  toward  the  red,  while  the  In¬ 
tensity  of  absorption  Is  cut  In  half. 

Fig.  2  shows  schematically  th^ 
structure  of  the  simplest  thiocarho- 
cyanlne.  The  substitution  of  the  hydrogen  atoms  in  the  nei^borhood  of  the  methyl 
radicals  hy  alkyl,  apparently  alrea^  causes  a  deformation  of  the  valence  angles, 
but  is  still  possible  without  destruction  of  the  planar  nature  of  the  molecule.  If, 
however.  It  Is  not  methyl  radicals,  but  phenyl  which  are  attached  to  the  nitrogen 
hetero  atoms,  the  simultaneous  suhatltution  of  both  hydrogen  atoms  ty  alkyl  makes  . 
a  plane  structurev  of  the  molecule  of  the  compound  imposslhle.  In  the  case  of  substi¬ 
tution  of  only  one  hydrogen  atom  hy  alkyl  (VIII  or  IX),  a  coplanar  trons-form  la 
possible. 


TABLE  2 


Corapounc 

"r^ 

In  mu 
max  ^ 

E  *10  ? 
max* 

VI. .. . 

C2H5 

H 

560 

14.8 

YII.... 

C2H5 

CH3 

H 

562 

11.0 

VIII. . .. 

02% 

H 

CH3 

570 

l4.8 

IX.,:.. 

%% 

c% 

H 

572 

15.0 

X.... 

C6% 

Cfla 

0% 

602 

8.8 

TABLE  3 


Compound 

R 

In  mu 

rax 

E  •10'^ 
riBoc 

XI... 

H 

565 

15.5 

X. .. 

c% 

602 

8.8 

XII... 

C2% 

600 

6.6 

XIII... 

CeEs 

601 

4.0 

xrv... 

Ct-CicHy 

592 

9.5 

XV... 

p-CioHii 

590 

In  Table  3  listed  the  symmetrical  trlmethinecyanlnes  with  two  phenyl 
radicals  attached  to  the  nitrogen  hetero  atoms,  and  with  two  substituents  near 
them.  The  general  formulas  Eire: 


CH  -  CR 


l4l 


We  see  that  the  methyl  groups  have  already  fully  resulted  in  producing  sterlc 
effects.  Their  suhstltutlon  by  radicals  of  greater  volume  —  phenyl,  a-naphthyl,  or 
3-tetralyl,  does  not  strengthen  the  effect. 


The  phenomenon  vhlch  characterizes  sterlc  hindrance  —  the  displacement  of  the 
absorption  band  tovard  the  red,  and  the  decrease  in  absorption  Intensity  —  may  also 
be  observed  In  the  case  ^ere  methyl  radicals  are  attached  to  the  nitrogen  hetero 
atoms,  while  two  substituents  of  large  volume  are  in  the  chromophore  In  their  neigh¬ 
borhood.  In  Fig.  h  are  given  examples  of  such  varieties  In  dyes  with  the  general 
formula: 


Table  4  makes  especially  clear  the  effect  of  sterlc  hindrance  upon  the  values 
of  the  molecular  extinction.  The  larger  the  volume  of  the  radical  introduced  into 
the  8-  or  iO-  position,  the  less  the  extinction.  The  same  sort  of  parallelism  be¬ 
tween  the  volume  of  the  radicals  and  the  values  of  displacement  of  the  absorption 


TABLE  k 


Co-rpound 

R 

in  mM 
_ 

B - 

max 

XVI... 

H  • 

558 

14.0 

XVII... 

CH3 

570 

7.0 

XVIIl... 

Cefls 

580 

4.1 

XIX. . . 

ct-CioHv 

568 

5.7 

XX... 

P-CioHu 

578 

2.1 

maximum  has  not  been  observed.  We  Ttaist,  however,  remember  that  sterlc  hindrance  Is 
reflected  not  only  In  the  position  of  the  maximum,  but  also  In  the  form  of  the  ab¬ 
sorption  curve.  Starting  with  a  narrow  and  sharp  curve,  with  a  very  steep  slope  on 
the  side  of  the  red  portion  of  the  spectrum  for  preparation  (XVl),  the  absorption 
curve  for  Its  derivatives  (XVIl)  and  (XVIIl)  beccmes  continually  broader  and  more 
extended  (Fig.  5)*  It  is  Interesting  to  note  that  with  compound  (XVIIl)  the  dis¬ 
placement  of  the  absorption  maximxm  is  less  than  with  Its  isomer  (x)  (>80  and  602 
m^,  respectively) .  Possibly,  the  compounds  of  Table  4  are  capable  of  existing  In 
a  trans-brans  form  (Fig.  4),  which  is  im¬ 
possible  for  the  compounds  of  Table  5* 

I.K.Ushenko  has  synthesized  two 
series  of  peculiar  thiocarhocyanlne  dyes, 
containing  hydrocarbon  rings  In  the 
chromophore  [12].  For  each  compound  with 
alkyls  upon  the  nitrogen  hetero  atoms, 
he  obtained  an  analog  with  phenyl  groups 
in  the  some  positions.  Table  5  lists 
the  absorption  maximum  and  the  molepular 
extinction  of  these  compounds  with  the 
general  formula  : 


Fig.  4 


\ 
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In  the  compounds  of  Table 
5,  the  same  rules  hold  as  have 
already  been  noted  above.  Com¬ 
pounds  with  phenyl  groups  upon  the 
nitrogen  hetero  atoms  absorb  much 
farther  toward  the  red  end  of  the 
spectrum  than  compounds  with 
methyl  or  ethyl  groups.  The  molec 
ular  extinction  of  the  phepyl  de¬ 
rivatives  has  a  much  lower  value 
(except  for  compound  XXVIIl) . 


TABLE  5 


Connound 

n 

R 

in  mu 
max  ^ 

^max  •  10'*'* 

XXI... 

1 

C2H5 

558 

14.8 

XXII... 

1 

Cel^ 

568 

XXIII.:: 

2 

C2H5 

601 

17.4 

XXIV... 

2 

CeHs 

623 

6.5 

XXV,.. 

5 

CH3 

565 

15.0 

XXVI... 

5 

CeHs 

598 

10.5 

XXVII... 

4 

CHa 

575 

6:1 

XXVIII... 

4 

CqHs 

605 

8.1 

XXIX... 

5 

CH3 

565 

5.6 

XXX.... 

5 

CgHs 

601 

2.5 

XXXI... 

6 

Cfl3 

558' 

6.2 

XXXII... 

6 

CeHs 

600 

2.5 

All  the  cyanine  dyes  which 

are  considered  in  this  ccmmunicatlon  are  compounds  of  symmetrical  or  almost  sym¬ 
metrical  structure.  Their  basic  resonance  structures,  such  as: 


C2H5 


are  of  equal  energy  content.  The  destruction  of  the  coplanar  relation  of  the 
heterocyclic  nuclei  in  the  dye  molecule  decreases  the  resonance'  of  the  interaction 
of  the  structures  (the  "conjugation"  of  the  structures,  according  to  Ferster  [13]). 
If  these  structures  are  energetically  equivalent,  the  decrease  in  resonance  inter¬ 
action  will  lead  to  a  drawing  together  of  the  levels  of  the  basic  and  excited 
states  of  the  molecule,  l.e. ,  to  absorption  in  the  longer -wave  section  of  the 
spectrum.  The  destruction  of  the  coplanar  relation  of  the  heterocycles,  has  the 
seme  effect  upon  the  absorption  of  light  by  the  symaietrlcal  cyanine  d^'es  as  a 
lengthening  of  the  polymethine  chain. 

The  decrease  in  the  resonance  Interaction  of  the  structures  also  has 
another  result.  Upon  destruction  of  the  coplanar  relation.  Just  as  in  the  case 
of  lengthening  of  the  polymethine  chain,  there  is  a  decrease  in  the  resonance 
energy  which  stabilizes  the  molecule  of  the  dye.  Therefore  the  dye,  which  has  a 
deep  color  as  a  result  of  steric  hlnclrence,  is  more  easily  decolorized  by  alkali 
and  acid  than  other  dyes  of  the  same  type.  As  is  well  known,  [i4],  the  same  thing 
is  observed  with  cyanine  dyes  which  have  a  long  chain. 

We  must  also  note  that  all  the  cyanine  dye  compounds  described  here  as 
having  a  non-planar  structure  of  the  molecule  have  a  very  much  lower  melting  point 
(often  half  the  value)  than  their  plane  homologs.  The  majority  of  such  "non-planar** 
dyes  are  by  far  more  soluble  in  alcohol  than  the  corresponding  "planto"  compounds. 
Experiments  with  trlmethine  dyes  which  have  large  radicals  in  silver  bromide  emul¬ 
sions  have  shown  that  they  are  ineffective  photosensitlzers.  This,  obviously,  is 
directly  related  to  the  absence  of  a.  planar  structure. 

When  the  present  work  was  almost  completed,  and  its  chief  results  had  been 
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published  an  article  app6fired  by  Srooker  and  covo'rkers  which  considered 

the  sane  question  [lol.  The  Thaer lean  authors  made  absorption  curves  of  cyanine 
dyes,  chiefly  of  quinoline  derivatives,  and  observed  phenomena  similar  to  those 
that  we  noted.  They  also  gave  explanations  simlleo:  to  ours. 

The  measurements  of  absorption  curves  of  the  dyes,  as  carried  out  in  our 
work,  were  made  with  a  Bellingham-Stanley  spectrophotometer  in  a  solution  of  ethyl 
alcohol. 

experimental 

Bis-(3~methylbenzDthiagole-2)monomethinecyanineiodide  (l)  was  obtained  from, 
the  methyl  iodide  of  2-methylben±othiazole  and  the  me thylmetho sulfate  of  2-methyl- 
mercaptobenzothiazole  by  boiling  in  absolute  alcohol  in  the  presence  of  anhydrous 
sodium  acetate.  After  recrystallization  from  alcohol,  there  were  obtained  finely 
interwoven  silky  crystals  of  a  lemon  yellow  color,  m.p.  28l®,  with  decomposition 
(here  and  later,  the  temperatures  indicated  are  corrected) . 

Bis- (^-methylbenzthiazol-2) -8-methylmononethinecyanine  iodide  (ll) was  ob¬ 
tained  in  the  same  way  from,  the  methyl  iodide  of  2-ethylbenzothlazole.  The  yield 
of  unre crystallized  compound  was  355  of  theory.  There  were  large  orange  crystals 
of  the  monoclinic  system,  m.p.  237“ >  with  decomposition.  Upon  heating  to  100'',  the 
crystals  turned  red. 

Found  I  28.3O5  N  ^.15. 

C16H17N2S2I.  Calculated  I  28. 10 5  N  6.20. 

Bl3-V][3--phenylbenzothiazole*-^^-*yionomethinecyanine  iodide  (ill)  was  obtained 
by  Brooker’s  method  [iv]/  by  heating  the  phenyl-p-toluenesulfonate  of  2-methylmerc- 
aptobenzothiazole  with  mnlonic  acid  in  pyridine.  M.p.  315“.;  vith  decomposition. 

Bis-[ 3~Phenylbenzothiazole-(2) ] -8-inethylmonombthinecyanine  iodide  (iv) . 

1.2  g  of  the  phenyl-p-toluenesulfonate  of  2-methyllnercaptobenzothlazole,  1  g  of  the 
chlorophcnylate  of  2-ethylbenzothlazole,  emd  1  g  of  anhydrous  sodtfum  acetate  were 
heated  in  10  ml  of  absolute  alcohol  at  the  boiling  point  for  1  hour.  The  dye  was 
p.recipitated  from  solution  as  the  potassium  iodide.  The  non-q^ystalllne  precipitate 
was  dissolved  in  acetone  and  precipitated 'with  ether.  After  recrystalllzatlon  fromi 
15  ml  of  alcohol,  the  yield  was  0.25  Sj  or  10%  of  theory.  The  compound  was  in  the 
form  of  smp.ll  bronze  leaves,  m.p.  266®,  with  decomposition. 

Found  %:  I  22.21. 

C2QH21N2S2I.  Calculated  %:  I  22.05 . 

Pi3-[3~phenylbenzothlazole-(2) 1-8-ethyImonomethinecyanine  iodide  (v) .  From 
0.86  g  of  the  phenyl-p-toluenesulfonate  of  2-methylnercaptobenzthiazole  and  1  g  of 
the  ethyl  iodide  of  2-p-propylbenz(i)thlazole,  as_in  the  previous  case.  The  heating 
of  the  mixture  on  a  boiling  water  bath  was  continued  for  4  minutes.  The  compound 
was  precipitated  by  ether  from  acetone  solution  and  recrystallized  from  alcohol. 

It  was  obtained  in  a  yield  of  0.2  g,  of  135  of  theory.  M.p.  2l4® . 

Found  I  21.43. 

C29H23N2S2I.  Calculated  I  21.52. 

[ 3~Ethylbenzothiazole-j(2)  ][3-phenylbenz othiazole-(2)  ] -trigiethinecyanlne  iodide 
(Vl) .  0 . 78  g  of  the  ethyl  iodide  of  2-mothylbenzothlazole,  1  g  of.  the  ethyl  iodide 

of  2-(i«)_acetanilidovinyl)-benzothlazole,  and  3  ril  of  pyridine  were  heated  to  boiling 
for  15  minutes.  The  precipitate  was  washed  with  ether  and  recrystalllzed  from  alco¬ 
hol.  It  consisted  of  small  dark  green  tablets.  Yield.  0.6  g,  or  50^  of  theory,  m.p. 
243®,  with  decomposition. 

Found  %t  I  23.65. 

C25H21N2S2I.  Calculated  %:  1*23.51. 


[ ^-rlthylbenzothlazole- (2) 1 f  3-Phenylbenzothlazole- (2) 3 -8-methyl trlmethtne- 
cyanlne  iodide  TvilTI  0.52  g  of  the  ethyl  iodide  of  2-ethyl'ben2iothiazole,  0,5  g 
of  the  phenyl  iodide  of  2-(u-acetanilidovinyl)-benzothlQZole,  and  3  al  of  pyridine 
were  boiled  for  1  hour.  After  two  recrystallizations  from  alcohol,  large  crystals 
with  a  bronze  luster  were  obtained.  Yield  0.35  8#  or  60^  of  theory.  M.p.  I58®. 

Found  I  22.85. 

CseHsaNaSsI.  Calculated  I  22.92. 

[3-5thylbenzothiazole-..(2)  1  [  3-pbenylbenzothlazole-(2)  1-10-methyltrimethine- 
cyanine  iodide  (Vlll).  From  the  phenyl  chloride  of  2-ethylbenzothl8LZole  and  the 
ethyl  iodide  of  2- ( ui^acetanllldovlnyl) -benzothlazole  In  pyridine.  The  boiling  was 
continued  for  50  minutes.  After  recrystallization  from  alcohol,  large  blue-green 
crystals  with  a  metallic  luster  were  obtained.  M.p.  252®. 

Found  I  22.79  22.83. 

C26H23N2S2I.  Calculated  I  22.92. 

Bis-[Phenylbenzothiazole- (2) 1-8-methyl trimethinecyanine  iodide  (IX).  O.5  g 

of  the  jihenyl  iodide  of  2-ethylbenzothiazole  and  O.67  g  of  the  phenyl  iodide  of  2- 
(w -ace tanilldovinyl) -benzothlazole  were  heated  in  boiling  pyridine  for  1  hour. 

After  recrystallization  from  alcohol,  large  crystals  were  obtained}  yield  O.25  g, 
m.p.  275“ i  with  decomposition. 

Found  I  21.20. 

C30H23N2S2I.  Calculated  ‘joi  I  21. 09. 

From  the  pyridine  mother  liquid,  there  was  extracted  with  ether  a  symmetrical  dye 
without  methyl  groups  in  the  trlmethine  chain.  The  quantity  was  O.3  g,  m.p.  was 
277“  ^  tioxlmum  absorption  585  lap. 

Found  I  21.46. 

C28l^^«N2S2l.  Calculated  I  21.59* 

The  synthesis  of  thiocarbocyanlnes  (X,  XI,  XII,  XIIl)  has  been  described  in 
the  work  of  Kiprianov  and  Ushenko 

Bi3-[ 3-phenylbenzothiazole- (2) ] -8 ,10-di-a-naphthyl trimethinecyanine  perchlor¬ 
ate  (XIV).  1  g  of  the  bthyl  iodide  of  2-a-naphthylmethylbenzothiazole  (obtained  by 
the  condensation  of  the  acid  chloride  of  a-naphthylacetic  acid  with  N-phenyl-o- 
aminothiophenol) ,  1  g  of  orthoformic  ester,  and  4  ml  of  acetic  anhydride  were  heated 
at  the  boiling  point  lOr  I4O  minutes.  To  the  dark  blue  solution  were  added  3  nil  of 
alcohol,  end  then  a  hot  aqueous  solution  of  sodium  perchlorate.  The  precipitate 
was  recrystallized  twice  from  alcohol.  Yield  0.27  6  (52^  of  theory).  Bronze  crys¬ 
tals}  m.p.  196-197“. 

Found  N  3.53* 

C49H33O4N2S2CI.  Calculated  N  3*43. 

Bis-[3-phenylben20thia2 ole-(2) ]-8,10-di-6-tetralyltrimethlnecyanine  perchlor¬ 
ate  (XvTT The  dye  was  obtained  by  the  action  of  the  phenyl  iodide  of  2-j3-tetralyl 
nethylbenzothiazole  on  orthoformic  ester  in  acetic  anhydride.  Maximum  absorption, 
590  mii.  The  compound  was  not  separated  in  pure  form.  For  the  preparation  of  the 
quaternary  salts  of  2-p-tetralylmethylbenzothiazole,  see  below. 

Bis-’[3-fflQthylbenzothiazole-(2) 1 -8 ,10-dime thyltrimethlnecyanine  iodide  (XVIl) . 
1  g  of  the  methyl  iodide  of  2-ethylbeiizothiazole,  I.5  g  of  orthoformic  ester,  and 
5  ml  of  pyridine  were  heated  at  the  boiling  point  for  45  minutes.  Then  I5  ml  of 
water  was  added,  and  the  pyridine  neutralized  with  hydrochloric  acid.  A  bronze- 
colored  precipitate  formed.  It  was  filtered  off,  washed  with  water,  and  dried.  The 
uapurified  compound  weighed  0.l3  g.  After  recrystallization  from  80  ml  of  alcohol, 
bronze  needles  were  obtained,  m.p.  223®,  with  decomposition. 
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Bls-[3--methylbenzothlagole-(2)  l>8,10-dlphen.yltrJ.methlnecyanlne  perchlorate 
CXVIII) .  1  g  of  the  methyl  Iodide  of  2-'ben2y\henzothlazole  '  (obtained  by  the  conden- 
satlon  of  the  acid  chloride  of  phenylacetlc  acid  with  N-methyl-o-amlaothlophenol, 
followed  by  treatment  with  potassium  lodldej  m.p.  200®,  with  decomposition),  1  g 
of  orthoformlc  ester,  and  5  ml  of  acetic  anhydride  were  heated  at  the  boiling  point 
for  1  hour.  To  the  blue  solution  were  added  5  nil  of  alcohol  and  a  hot  solution  of 
sodium  perchlorate.  The  dye  which  precipitated  out  was  recrystallized  twice  from 
alcohol.  Yield  0.l8  g,  or  22^  of  theory.  Fine  violet  crystals,  m.p.  152®, 
with  decomposition. 

Found  N  4.7^* 

C31H25O4N2S2CI.  Calculated  N  4.76. 

Bis-[3-Tnethylbenzothiazole-(2) 3-8,10-a-dinaphthyltrimethinecyanine  perchlor¬ 
ate  (Xl3^  'From'  the  methyl  iodide  of  2-a-naphthylmethylbenzothdazole  (obtained 
by  the  condensation  of  the  acid  chloride  of  a-naph  thy  lace  tic  acid  with  N-methyl-o- 
aminothiophenol,  followed  by  treatment  with  potassium  iodidej  m.p.  212®,  with  de¬ 
composition),  orthoformlc  ester,  and  acetic  anhydride,  as  in  the  previous  case. 

After  recrystalllzatlon  from  alcohol,  the  yield  was  295^  of  theory.  Fine  violet 
crystals,  m.p.  176®,  with  decomposition. 

Found  N  4.05. 

C39H29O4N2S2CI.  Calciaated  N  4.07. 

Bis-[3-methylbenzothiazole-(2) ]-8,10-di-B-tetralyltrimethinecyanlne  perchlor¬ 
ate  (XXyi  1  g  of  the  methyl  iodide  of  2-p-tetralyimethylbenzothlazole^  0.4  g  of  ' 
orthoformlc  ester,  and  5  nil  of  acetic  anhydride  were  heated  at  the  boiling  point 
for  1  hour.  Then  the  acetic  anhydride  was  decomposed  by  boiling  with  water,  and  ; 
the  precipitate  of  dye  was  dissolved  in  alcohol  and  treated  with  a  solution  of 
sodium  perchlorate.  The  blue  crystalline  precipitate  was  recrystallized  from  aq¬ 
ueous  alcohol.  Yield  O.18  g,  or  25^  of  theory.  M.p.  152®,  with  decomposition. 

Found  N  5*96. 

C39H37O4N2S2CI .  Calculated  N  4.02. 

The  synthesis  of  thiocarbocyanlnes  (XXI  to  XXXIl)  is  described  in  the  work 
of  Ushenko  [12].  3-Tetralylacetic  acid  (l ,2 ,5  A-tetrat^dro-6-naphthylacetic  acid) . 
p-Chloromethyltetraline  was  obtained  by  the  chloromethylation  of  tetraline  [is], 
with  a  yield  52^  of  theory;  b.p.  159-142®  at  11  mm.  11  r—. 

The  nitrile  of  p-tetralylacetic  acid  was  obtained  by  5  hours  boiling  of  7I  6 
of  p-chloromethyltetraline  with  29  g  of  sodium  cyanide  in  400  ml  of  alcohol,  dilu¬ 
ted  with  70  nil  of  water.  The  precipitate  of  sodium  chloride  was  filtered  off,  the 
alcohol  driven  off  by  heat,  and  the  remaining  yellow-brown  oil  purified  by  distil¬ 
lation  in  vacuum.  At  178-182®  and  I5  ina  pressure,  the  nitrile  distilled.  It  was 
a  colorless  liquid,  quickly  turning  yellow  upon  standing.  Yield  48.5  St  or  72^ 
of  theory. 

I 

p-\Tetralylacetic  acid  was  obtained  by  the  saponification  of  22  g  of  the  nit¬ 
rile  by  boiling  with  a  20^  solution  of  caustic  soda  for  10  hours  in  a  flask  with  a 
stirrer  and  a  reflux  condenser.  Upon  saponification,  a  layer  of  oil  formed  on  the 
surface  of  the  liquid;  this  consisted  of  a  concentrated  solution  of  the  sodium  salt 
of  j3-tetralylacetic  acid,  containing  unsaponified  nitrile,  and  a  small  qunnity  of 
the  amide  of  p-tetralylacetic  acid.  When  this  oil  was  separated  and  treated  with 
water,  the  greater  part  dissolved,  and  upon  acidification  with  hydrochloric  acid, 
there  precipitated  from  the  solution  p-tetralylacetic  acid,  which  had  a  cream  color. 
Yield  of  unpurlfied  acid  16.I  g,  or  of  theory.  For  purposes  of  purification, 
the  acid  was  once  more  dissolved  in  dilute  aqueous  alkali,  filtered  from  the  admix¬ 
ture  of  amide,  and  strongly  acidified  with  hydrochloric  acid.  Upon  rubbing  with  a 
glass  rod,  there  precipitated  from  the  transparent  solution  colorless  needle-like 
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crystals  of  tetralylocetlc  acid,  n.p.  78*.  After  several  recrystalllzatlona  from 
water,  the  melting  point  rose  to  85®.  /ji  analysis  of  the  acid  was  made  by  determ¬ 
ining  Its  equivalent  upon  titration  with  0.1  N  alkali.  The  calculated  equivalent 
was  190,  that  found  I98. 

From  the  residues  left  during  the  purification  of  the  acid,  the  amide  of  P- 
tetralylacetlc  acid  was  obtained.  After  recrystalllzatlon  from  water,  this  was 
in  the  fora  of  white  plates  with  mother-of-pearl  luster,  m.p.  ll<-2®. 

The  acid  chloride  of  p-tetralylacetlc  acid  was  obtained  by  the  action  on 
the  acid  of  thlonyl  ciiloride.  The  reaction  took  place  with  the  evolution  of  heat. 
The  mixture  was  heated  on  the  water  bath  until  the  evolution  of  gas  ceased.  The 
acid  chloride  was  redistilled  in  vacuum  at  5  pressin’e.  It  had  b.p.  145-1^4*. 
Yield  78^  of  theory. 

The  methyl  iodide  of  2-g-tetralylg!ethylben2othiazole.  2.8  g  of  p-tetralyl- 
acetyl  chloride  was  dissolved  in  5  of  benzene,  eiud  to  the  solution  was  added  2  g 
of  N -me thy 1-0 -amino thlophenol.  The  reaction  took  place  with  the  evolution  of  heat, 
and  at  the  bottom  of  the  test  tube  a  viscous  yellow  mass  settled  out.  After  10 
minutes  of  heating,  the  benzene  solution  was  poured  off,  and  the  precipitate  dis¬ 
solved  in  water;  the  part  that  was  insoluble  in  water  was  extracted  with  benzene. 

To  the  transparent  aqueous  solution  was  added  a  hot  solution  of  potassium  iodide. 

The  crystalline  methyl  iodide  precipitated.  After  two  recrystallizations  from 
water,  it  was  in  the  form  of  crystals  with  a  light  cream  color.  M.p.  220®.  Yield 
72^  of  theory. 

Found  I  29.95. 

CioHieNSI.  Calculated  I  50.14. 

The  syntheses  of  (3-tetralylacetic  acid,  the  quaternary  salt  of  2-p-tetralyl- 
methylbenzothiazole,  and  dye  (XX)  were  carried  out  by  student  I.A.Sorochem. 

SUMMARY 

A  number  of  cyanine  dyes  have  been  synthesized  which  contain  radicals  of 
large  volume  in  the  molecule  close  together.  It  has  been  shown  that  in  these  com¬ 
pounds  a  displacement  of  the  absorption  band  toward  the  red  pert  of  the  spectrum 
occurs,  along  with  a  decrease  in  the  intensity  of  absorption  in  comparison  with 
similar  dyes  not  containing  substituents.  The  authors  believe  that  as  a  result  of 
the  accumulation  of  radicals,  the  coplanar  relation  of  the  heterocyclic  nuclei  in 
the  molecule  of  cyanine  dyes  is  destroyed.  This  results  In  a  decrease  in  the 
resonance  Interaction  of  the  structures  (a  decrease  in  the  conjugation  of  the  struc¬ 
tures)  and  a  drawing  together  of  the  basic  and  excited  levels  of  the  molecules. 

The  destruction  of  the  coplanar  relation  between  the  heterocyclic  nuclei  in¬ 
fluences  the  properties  of  the  cyanine  dye  in  the  same  manner  as  the  lengthening 
of  the  polymethine  chain.  Along  with  the  displacement  of  the  absorption  band  to 
the  long-vave  region,  much  easier  decolor isat ion  is  observed  of  the  corresponding 
dyes  by  both  alkali  and  acid.  The  melting  point  of  the  ’nonpleinar'  dye  is  lower, 
and  the  solubility  in  alcohol  greater,  then  for  the  corresponding  planar"  dyes. 

In  the  experimental  section,  the  synthesis  of  I5  new  thiocyanlne  dyes  has 
been  described. 
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I  X  ^,^C-€H2CH3 
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I 

CHa  1“ 

Contrary  to  what  we  had  expected,  we  obtained  a  completely  different*  compormd. 

^  •’  ■Analysis'' of  the“  p^oda'ct' of  iethylatlon  showed* that' wlthr  one" fliols  of' 'methyl 

iodide  there  united  not  one  mple  of , the ■  methylene  bases as  had,  ^takefl  place  in  the 
previous  cases,  but  itwp  jtwles^^The  product  of  met^^yon.appear^  as  a.yeiiow^_^ 
crystalline  substance,  insoluble  in  benzene  and  ether,  slightly  sol.uble  in  water, 
easlljr  soluble  in  hot  alcohol  and  chloroform.  Under  the  action  of  diluted  hydro¬ 
chloric  acid  or  alkali,  it  is  easily  hydrolyzed  to  give  two  new  compounds.  If 
hydrolysis  was  carried  out  in  the  presence  of  alkali,  a  solid  substance  with  m.p. 
I6O-I61'*  was  formed,  along  with  a  liquid  of  basic  character,  with  b.p.  127-128* 
at  11-12  mm.  In  the  presence  of  hydrochloric' acid,  the  hydrochlorides  of  these  com- 
poimds  were  obtained. 

An  investigation  of  the  compound  with  m.p.  16O-161®  showed  that  it  was  iden¬ 
tical  with  3-methyl -2-acetylmethylenebenzothia2ollne  (l),  first  obtained  by  the 
Kodak  Company  [4]  by  the  action  of  acetyl  chloride  upon  the  methyl  iodide  of  2- 
methylbehzothiazole  in  pyridine.  A  mixed  test  for  melting  point  with  the  coB5)ound 
synthesized  according  to  the  method  of  the  Kodak  ^tent  gave  no  depression. 

The  liquid  substance  appeared  to  be  6-methylmercapto-N-jnethylanillne  (ll): 


It  dissolved  in  acids,  but  not  in  alkalies,  and  could  be  acetylated  and  nltrosated. 
The  nature  of  the  compound  was  conclusively  determined  by  its  synthesis.  N-methyl- 
-o-amlnothlophenol,  obtained  from  the  msthylmethosulfate  of  2-methylbenzothlazole 
by  the  action  of  alcoholic  alkali*  [s],  was  methylated  with  dimethyl  sulfate  in 
alkaline  solution.  The  product  appeared  identical  with  the  liquid  compound  \dilch 
is  of  Interest  to  us.  The  acetyl:  derivatives  of  both  compounds,  both  alone  and  in 
mixed  tests,  all  molted  at  01-82®.' 


Ve  considered  the  peculiar  course  of  the  reaction  between  methyl  iodide  and 
the  methylene  bases  from  2-methylbenzothiazole  in  connection  with  the  circumstance 
that  this  methylene  base,  as  Kuism  and  his  coworkers  showed,  exists  in  the  form  of 
a  dimer.  It*  dim.erlzes  completely  in  benzene  solution.  As  one  mole  of  methyl  iodide 
combines  with  two  moles  of  the  base,  it  was  natural  to  assume,  that  it  was  the  dimer 
molecules  which  took  part  in  the  reaction.  The  mechanism  of  the  reaction  could  then 
be  represented  in  the  followring  manner:  _ 

./CBa 
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The  methyl  iodide  and  the  dimer  of  the  methylene  “bases  (ill)  form  a  thionene  salt 
(iv).  This  salt  hydrolyzes  vith  the  cleavage  of  one  of  the  thiazole  rings. 

It  appecred  to  us  at  first,  hovever,  impro'bable  that  the  formation  of  the 
salt  should  take  place  upon  the  sulfur  atom,  and  not  upon  the  nitrogen.  We  did 
not  exclude  the  possibility  that  methylation  might  take  place  on  the  nitrogen  atom 
with  the  formation  of  compound  (V),  and  that  its  hydrolysis  might  give  N,N-di- 
methyl-o-amlnophenylmercaptan  (“Vl): 


S.  CT2  I 

N  CH2  N 

/  ^  I 

C^3  CH3  I”  CH3 

(V) 


and  that  this  might  then  Isomerlze  to“  give  o-methylmercapto-N-methylanlline  (ll). 

Later,  ve  were  able  to  show  that  this  kind  of  isomerization  does  not  take 
place,  and  that  the  reaction  does  not  take  this  course.  In  fact,  if  it  did  tEike 
place  in  this  way,  3-i3iethyl-2-methylenebenzothiazoline  and  ethyl  iodide  should 
have  given  N-methyl-N~ethyl-o-aminophenylmercaptan  (VIl) ,  and  as  a  result  of  the 
isomerization  of  the  latter,  a  mixture  of  the  two  bases:  o-methylmercapto-N-ethyl 
aniline  (VIIl)  end  o-ethylmercapto-N-methylamiline  (IX): 


(VII) 


The  reaction  of  3~iaethylw.2-raethylenebenzothlazollae  with  ethyl  iodide  was  investi¬ 
gated,  and  among  the  products  of  hydrolysis  of  the  compound  obtained,  only  o-ethyl- 
nercapto-N-methylaniline  (ix)  was  found.  Consequently,  no  jumping  over  of  the 
radicals  takes  place. 

Thus,  we  may  consider  it  as  proved  that  in  the  action  of  alkyl  iodides  upon 
methylene  bases  of  the  benzothiazole  series,  the  alkyl  is  at  once  attached  to  the 
Gixlfur  atom.  We  cannot,  however,  conclude  from  this  that  the  compound  obtained  has 
the  structure  corresponding  to  formula  (IV) . 

Although  formula  (IV)  also  permits  us  to  explain  the  formation  of  the  pro¬ 
ducts  of  hydrolysis,  it  reniains  unclear  why  the  initial  addition  product  of  the 
alkyl  iodide  is  colored,  and  why  the  reaction  fdr  the  formation  of  this  compound 
talies  place  so  easily  if  it  has  an  unstable  four-menibered  ring.  It  would  appear  far 
more  probable  that  at  the  moment  of  reaction  with  alkyl  iodide  a  rupture  of  the 
thiazole  ring  would  take  place  to  give  compound  (x): 
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Compound  (x)  would  have  to  he  colored  because  of  the  resonahce  of  the  ionic  struc- 
tiires  (x)  and  (Xa).  It  would  have  a  tendency  to  hydrolytic  cleavage,  inasmuch  as 
it  la  a  derivative  of  the  anil  of  5-alhyl-2-acetylmethylenehenzothla;5olliie. 

Substances  similar  to  our  addition  products  with  alkyl  lodldeS  are  known. 
They  are  obtained  In  the  form  of  acetyl  derivatives  by  the  reaction  of  qiiaternary 
salts  of  nitrogen  heterocycles  which  contain  active  groups  with  diphenylformsmld- 
Ines  In  acetic  anhydride  [T”].  Their  structure  corresponds  to  the  general  formula: 


Like  our  products,  they  are  colored  yellow,  and  are  hydrolyzed  [s]  upon  heating  In 
aqeuous  alcoholic  solution  In  the  presence  of  acid  or  alkali.  With  quaternary  salts 
of  nitrogen  heterocycles  In  the  presence  of  bases,  the  acetyl  derivatives  of  these 
compounds  form  cyanine  dyes.  The  products  of  the  alkylation  of  methylene  bases, 
obtained  by  us,  upon  heating  with  quaternary  salts  In  pyridine  form  only  traces  of 
dyes. 

Having  explained  the  structure  of  the  reaction  products  of  methyl  and  ethyl 
iodide  with  the  methylene  bases  from  2-methylbenzothlazole ,  we  attempted  to  show 
to  what  degree  the  alkylation  mechanism  we  had  found  could  be  considered  general 
for  the  other  methylene  bases  of  the  thlazole  series. 

For  this  purpose  we  obtained  methylene  bases  not  described  in  the  literature, 
from  2-methyl -a-naphthothiazole  (Xl)  and  from  2-methyl-4,5-diphenylthleizole  (XIl): 


(XII) 


Co%-C - 3 


Cfl  Hg'^C 

N 

I 

CHs 


and  investigated  the  reactions  of  these  bases  with  methyl  and  ethyl  Iodides.  The 
2-Biethyl -4, 5 -diphenylthiazole  was  chosen  because  it  gives  a  crystalline  methylene 
base.  The  quaternary  salts  of  other,  simpler  derivatives  of  thlazole,  upon  treat¬ 
ment  with  alkalies,  did  not  give  crystalline  juethyliEine  bases. 

The  action  of  methyl  iodide  on  3-wiethyl-2-2iethylene-a-naphthothl6LZollne  gives 
a  yellow  crystalline  substance,  insoluble  in  the  usual  solvents.  The  reaction  takes 
place  lens  energetically  than  with  3*-2iethyl-2-methylenebenzothlazoline,  but  still 
fairly  easily.  The  methylation  product  Is  completely  insoluble  in  water,  and  there¬ 
fore  hydrolyzes  in  aqueous  medium  very  slowlyj  however,  upon  heating  with  aqueous 
alcohol  in  the  preoencepof  acids  or  alkalies,  hydrolysis  is  completed  in  a  few 
minutes.  The  reaction  of  3-niethyl-2-methylene-a-naphthothiazoline  with  ethyl  iodide 
gives  a  yellow  crystalline  substance,  whose  properties  ore  similar  to  those  of  the 
product  of  methylation. 

In  connection  with  what  has  heen  said  above,  we  believe  that  the  reaction  of 
5-methyl-2-methylene-a-naphthothlazoline  with  alkyl  halides  and  the  hydrolysis  of 
the  products  thus  fonned  take  place  in  the  following  manner: 
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CB3 

(XIII) . 


In  agreement  vlth  this  mechanism,  both  products  obtained  by  ua  gave  one  and  the 
sair.e  substance  upon  hydrolysis,  with  m.p.  202-203*.  This  substance  was  3“2iethyl- 
-2-acetylmethylpne-a-naphthothiazoline  (XIV) .  It  was  insoluble  in  alkali,  and 
formed  a  salt  with  hydrochloric  acid,  stable  only  in  the  presence  of  an  excess  of 
acid;  with  quaternary  salts  of  nitrogen  heterocycles  containing  active  methyl 
groups,  it  formed  dyes,  Cotipound:  (XIV)  is  known,  and  its  melting  point  is  given 
in  the  literature  as  201-203®  [s]. 

In  addition  to  3*3iethyl-2-acetyliaethylene-a-naphthothiazoline,  hydrolysis  of 
the  addition  product  of  methyl  iodide  gave  a  crystalline  compound  with  m.p.  55*3 
hydrolysis  of  the  addition  product  of  ethyl  iodide  gave  a  colorless  liquid,  with 
b.p.  190*  at  7  irai*  On  the  basis  of  the  analyses,  the  ability  to  dissolve  in  acids, 
the  ability  to  be  acetylated  and  nltrosated,  and  finally,  on  the  basis  of  the 
method  of  formation,  we  consider  that  these  compounds  are  l-iJiethylmercapto-2-Hiethyl- 
amlnonaphthalene  (XIII,  R  =  CH3)  and  l-ethylmercapto-2-methylaminonaphthalene 
(XIII,  R  =  C2H5),  respectively. 

3-MethyI-i4^,5-dlphenyl-2-methylenethlazoline  (aII)  reacts  very  easily  with 
methyl  end  ethyl  iodides.  In  both  cases,  yellow  crystalline  audition  products  (XV) 
are  obtained.  They  are  easily  hydrolyzed  by  aqueous  solutions  of  acids  and  alkalies. 
As  here  ve  have  a  mononuclear  methylene  base,  hydrolysis  takes  place  somewhat  dif¬ 
ferently  than  in  the  preceding  cases. 
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The  first  product  of  hydrolysis  is  3-ffl6thyl-4,5-dlphenyl-2-acetylniethylenethiaz- 
cliuc  (XVl)„  almost  colorless  crystals  with  m  p.  229-230*.  The  properties  of  this 
substance  are  similar  to  the  properties  of  the  other  acylmethylene  bases  already 
described. 
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In  addition  to  the  acylmethylene  bases,  hydrolysis  gives  methylaalne  and 
desvlalkyl sulfide.  From  the  methylation  products,  desylmethylsulflde  (XVII,  R  = 

CHa)  can  be  isolated  as  large  needles  with  m.p.  75-76®,  and  from  the  products  of 
ethylation,  desylethylsulflde  (XVII,  R  ♦«  C2H5)  needles  with  n.p.  78®.  The  structure  - 
of  these  compounds  can  be  derived  chiefly  on  the  basis  of  the  method  of  preparation 
and  of  the  analytical  data.  He  endeavored,  in  addition,  to  obtain  phenylhydrazones 
of  these  compounds.  With  this  purpose  in  mind,  equlmolecular  quantities  of  desalk- 
ylsulfide  and  phenylhydreLzlne  were  heated  for  a  short  time  at  5O-6O®  in  glacial 
acetic  acid.  In  both  cases,  a  precipitate  was  formed;  after  recrystallization  from 
chloroform,  these  precipitates  were  in  the  form  of  faintly  yellowish  needles  with 
m.p.  225-226®.  The  compound  with  m.p.  225-226®  seemed  identical  with  the  blsphenyl- 
hydrazone  of  benzll.  Its  formation  may  be  Indicated  as  follows; 

CaHs-CH-SR  CaEkNHNHg  C6H5-C=I^^^HC6H5  ^ 

CeH5-€=0  CeHs-C^N-WHCaHs 

During  the  heating  of  the  components  in  glacial  acetic  acid,  a  very  strong  mercaptan 
odor  was  noted. 

We  obtained  5-methyl-6-nitro-2-methylenebenzothlazollne 


upon  heating  this  with  methyl  Iodide  or  dimethyl  sulfate,  no  addition  products  were 
formed.  Upon  heating  for  a  short  time,  the  methylene  bases  remain  unchanged;  upon 
continued  heating,  the  ndbcture  contained  in  euidltlon  to  the  methylene  bases  the 
methyl  iodide  or  the  corresponding  methylmethosulfate  of  2-methyl -6-nltrobenzo- 
thlazole, 

EXPERIMENTAL 

The  Reaction  of  3-Methyl-2-!rethylenebenzothlazoltne  with  Methyl  Iodide 

3-Methyl -2 -methylenebenzothlozoline  was  obtained  by  the  method  of  M’lmm,  Hlnz, 
and  Diederichsen  [g]. 

22  g  of  freshly  prepared  base  with  m.p.  I6U-I66®  was  dissolved  in  50  i»l  of 
chloroform,  and  20  g  (l  mole)  of  methyl  iodide  was  added  to  the  solution.  The  reac¬ 
tion  began  in  the  cold  and  proceeded  with  the  evolution  of  heat.  After  2  to  5  min¬ 
utes,  the  mixture  was  converted  into  a  thick  gruel  of  fine  yellow  needles.  After 
standing  for  10  minutes,  the  reaction  product  was  filtered  off,  washed  with  50  ml 
of  chloroform,  and  dried.  Yield  30  gf  or  95“]^  of  theory.  After  recrystalllzatlon 
from  chloroform,  the  substance  was  in  the  form  of  yellow  needles  with  m.p.  229-230® 
(temperatures  here  and  later  are  corrected) .  The  same  substance  was  formed  by  the 
action  of  methyl  iodide  on  the  methylene  bases  in  benzene,  ether,  nitrobenzene, 
acetone,  and  alcohol.  In  the  last  case,  a  very  impure  product  was  obtained,  as  the 
methylene  bases,  even  upon  heating  with  alcohol  for  only  a  phort  period,  acquired 
an  intense  red  color. 

Found  p  N  5.765  I  26.83. 

CisHsiNsSsI.  Calculated  N  5.985  I  27.10. 

51  g  of  the  add-J-tlon  produce,  100  ml  of  water,  and  10  ml  of  concentrated 
hydrochloric  acid  were  heated  to  boiling  for  10  minutes.  As  a  result  of  hydrolysis, 
the  slightly  water-soluble  substance  went  completely  into  solution.  Upon  cooling, 
long  needles  of  the  hydrochloride  of  '3-niethyl-2-acetylmethylenehenzothiazoline  (I) 
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crystallized  from  the  solution.  These  were  filtered  off,  washed  with  water,  and 
converted  by  the  action  of  a  solution  of  caustic  potash  Into- 5-methyl-2-acetyl- 
methylenebenzothlazollne.  The  yield  of  the  latter  was  15  g,  or  96^  of  theory,  m.p. 
157-158"  •  The  substance  crystallized  from  alcohol  or  from  water  In  the  f  om  of 
long  needles  containing  one  molecule  of  water  of  crystallization.  Upon  drying  In 
a  vacuum  desslcator  above  calcium  chloride,  the  water  was  given  off,  and  the  needles 
turned  Into  powder.  M.p.  l60-l6l“ .  A  mixed  test  with  the  same  compound,  obtained 
by  the  action  of  acetyl  chloride  upon  the  methyl  Iodide  of  2-methylbenzothlazole  In 
pyridine,  according  to  the  Kodak  patent  (m.p.  l60“)  gave  no  depression. 

Found  N  6.25,  6.I8. 

CiiHiiONS  •  HaO;  Calculated  N  6.28. 

After  the  separation  of  the  hydrochloride  of  5-methyl -2-acetylmethylene- 
benzothlazcllne,  caustic  soda  was  added  to  the  mother  liquor  until  the  reaction  was 
alkaline}  the  oil  which  settled  to  the  bottom  of  the  beaker  was  extracted  with  ether. 
The  o-methylmercapto-N-methylanlllne  was  dried  over  potash  and  distilled  In  vacuum. 
B.p.  126-128®  at  11-12  mm,  yield  9' Sf  or  djji  of  theory. 

The  o-methylmercapto-N-methylanlllne  was  insoluble  In  water,  very  soluble  In 
ether,  benzene,  chloroform,  and  alcohol.  It  was  unchanged  by  the  action  of  alkali, 
and  formed  salts  with  acids.  G?he  hydr-olodlde  was  In  the  form  of  crystals  with  m.p. 
l64®,  almost  insoluble  in  water. 

Found  N  4.95 • 

CeHiaNSI.  Calculated  N  4.98. 

The  acetyl  derivative  was  obtained  by  the  action  of  acetyl  chloride  upon  the  benzene 
solution  of  the  base.  After  recrystallization  from  water',  the  m.p.  was  8I-82®.  -The 
compound  was  Identical  with  the  product  of  acetylation  of  o-methylmercapto-N-methyl- 
einiline,  obtained  from  N-methyl-o-amlnothlophenol. 

The  Reaction  of  5-Methyl-2-methylenebenzothlazollne  with  Ethyl  Iodide 

In  a  flask  with  a  reflux  condenser,  12.5  g  of  methylene  bases,  55  nil  of 
chloroform,  and  6  g  of  ethyl  iodide  were  heated  on  the  water  bath  at  the  boiling 
point  for  5  minutes.  The  mixtures  acquired  an  Intense  yellow-orange  color.  The 
chloroform  was  driven  off,  and  benzene  was  added  to  the  oily  residue.  A  yellow 
crystalline  mass  was  formed.  The  crystals  were  filtered  off  and  washed  with  benz¬ 
ene.  Yield  17-7  g^  01  96^  of  theory.  Melting  point  after  recrystallization  from 
acetone,  19O-I9I®. 

Found  I  26.05. 

C20H20N2S2I.  Calculated  I  26.52. 

A  mixture  of  I5  g  of  the  addition  product  of  ethyl  iodide  and  5-methyl -2- 
methylenebenzothiazoline,  8  ml  of  concexitrated  hydrochloric  acid,  and  50  ml  of  water 
was  heated  on  the  boiling  water  bath  for  5  minutes.  After  cooling,  the  hydrochlor¬ 
ide  of  5-methyl-2-acetylmethylenebenzothia2ollne  was  filtered  off.  From  It,  as  in 
the  preceding  case,  there  was  obtained  the  free  5-methyl-2-acety]methyldnebenzothia- 
zollne.  Yield  5.8  g,  or  91^  of  theory}  the  melting  point  after  recrystallization 
from  alcohol  was  159-l60® . 

After  separation  of  the  hydrochloride  of  the  acetylmethylene  base,  the  mother 
liquor  was  treated  with  alkali,  and  the  oil  which  settled  out  was  extracted  with 
ether.  After  drying  over  potash  and  removal  of  the  ether,  there  was  obtained  4  g 
of  liquid  product  which  was  almost  pure  o-ethylraercapto-N-methylaniline  (IX).  Dis¬ 
tillation  in  vacuum  (112-114®  at  2  mm)  gave  5*8  g  or  73^  of  theory.  The  properties 
of  this  compound  were  similar  to  the  properties  of  the  o-methylmercapto-N-methyl- 
a^illne  described  above.  The  action  of  acetyl  chloride  gave  the  acetyl  derivative} 
after  recrystallization  fram  petroleum  ether,  this  was  in  the  form  of  colorless 
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plates  with  m.p.  55*.  A  mixed  test  for  the  melting  point  Of  this  substance  with 
the  product  of  acetylation  of  o-e.thylmercapto-N-^ethylaniline  obtained  from  N- 
methyl-o -amino thlophenol  gave  no  depression. 

The  Reaction  of  3-Ethyl -2 -methylenebenzothiazoline  with  Methyl  Iodide 

To  the  benzene  solution  of  4  g  of  5-ethyl-2-methylenebenzothiazollne,  5.2  g 
of  methyl  iodide  was  added.  The  reaction  began  in  the  cold.  To  complete  the  re¬ 
action,  the  mixture  was  heated  several  minutes  at  60".  The  crystals  formed  were 
filtered  off  and  washed  with  benzene.  Yield,  5.15  g,  or  92^  of  theory;  Upon  recry- 
stallizatlon  from  alcohol,  the  compound  was  in  the  form  of  yellow  needles,  melting 
with  decomposition  at  192-193* • 

Found  N  5*5^5  I  25.99#  25.93. 

C20H23N2S2I.  Calculated  N  5-8l5  I  26.32. 

5  g  of  the  addition  product  was  heated  on  the  water  bath  with  5  nil  of  con¬ 
centrated  hydrochloric  acid  and  50  ml  of  water  for  several  minutes.  Upon  cooling, 
the  hydrochloride  of  3-ethyl-2-acetylmethyleneben2othiazollne  crystallized  out. 

From  this  salt,  the  action  of  alkali  gave  the  acetylmethylene  base  with  a  yield  of 
1*9  g#  or  85^  of  theory3‘'m.p.  II5-II6®.  According  to  the  literature,  the  melting 
point  of  3-othyl-2-acetylmethylenebenzothiazoline  is  II6-II7* . 

Found  N  6,47. 

C12H13ONS.  Calculated  N  6.39. 

The  addition  of  alkali  to  the  mother  liquor  caused  the  separation  of  o-methyl- 
mercapto-N-ethylanlline  (VIIl)  in  the  form  of  a  colorless  oil  with  b.p.  99-101*  at 
2-3  mm.  The  acetyl  derivative  was  in  the  form  of  colorless  crystals  with  m.p.  66- 
67" .  A  mixed  test  of  this  compound  and  the  acetyl  derivative  of  o-ethylmercapto-N- 
methylaniline  (m.p.  55*)  melted  at  42-50*. 

Found  N  6.78. 

C11H15ONS.  Calculated  N  6.7O. 

The  Reaction  of  3-Methyl -2-iaethylene-a-naphthothiazoline  with  Methyl  Iodide 

3-Methyl -2 -methylene-a-naphthothlazoline  (Xl)  was  Obtained  from  the  quater¬ 
nary  salt  of  2-Tiiethyl-a-naphthothiazole  by  the  action  of  alkali.  In  a  separatory 
funnel,  2.1  g  of  solid  caustic  potash  in  I50  ml  of  acetone  and  I5  ml  of  water  were 
added  to  8.4  g  of  the  methylmethosulfate  of  2-niethyl-a-naphthothlazole.  The  mixture 
was  shaken  for  a  few  minutes;,  4.1  g  (74^  of  theory)  of  the  methylene  bases  precip¬ 
itated  out  as -small  light  yellow  plates  insoluble  in  water  and  alcohol,  aljBiost  in¬ 
soluble  in  acetone,  and  sliglitly  soluble  in  cold  benzene.  Tlie  compound  dissolved 
well  in  chloroform  and  in  dichloroe thane  to  give  a  yellow  color,  and  in  nitrobenzene 
to  give  a  red  color.  M.p.  200-205*,  with  decomposition. 

Found  N  6.35. 

C13H11NS.  Calculated  N  6.57* 

Hie  molecular  wel^t  of  the  compound  was  determined  by  the  cryoscoplc  method  in 
nitrobenzene.  The  determination  showed  that  the  compound  formed  the  dimer  to  a  con¬ 
siderable  extent. 

Found:  M  3O5,  3l6. 

C13H11NS.  Calculated:  M  213. 

In  a  flask  with  a  reflux  condenser,  4.9  g  (l  mo].e)  of  methyl  iodide  was  added 
to  a  suspension  of  7*4  g  of  the  methylene  base  in  20  ml  of  dlchloroethane.  The  mix¬ 
ture  was  heated  at  70-80*  for  several  minutes.  At  the  bottom  of  the  flask,  yellow, 
fairly  large  crystals  settled  out.  The  yield  of  addition  product  was  9.6  g,  or  97^ 
of  theory.  Tlie  melting  point  before  recrystallization  was  274-275",  after  recrystal- 
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llzatlon  from  pyridine,  276-277®.  The  compound  was  insoluble  in  water,  alcohol, 
benzene,  ether,  and  dichloroeth^e,  slightly  soluble  in  glacial  acetic  acid,  chloro¬ 
form,  and  pyridine. 

Found  I  22.45,  22.57* 

C27H23N2S2I.  Calculated  I  22.53* 

To  10  g  of  unrecrystallized  material  with  m.p.  274-275®  there  was  added  50  ml 
of  alcohol  and  a  solution  of  O.9  g  of  caustic  soda  in  5  nil  of  water.  The  mixture 
was  heated  to  boiling  for  5  minutes.  The  precipitate  went  Into  solution  as  a  result 
of  hydrolysis.  Upon  cooling,  5-Eiethyl-2-acetylmethylene-a-naphthothiazoline .  crys¬ 
tallized  out;  after  recrystallization  from  alcohol,  the  amount  obtained  was  2.65  g, 
with  m.p.  202-205®  (according  to  the  literature  [o],  the  m.p.  is  201-205®). 

The  alcoholic  mother  liquor  Was  concentrated,  and  the  oily  precipitate  ex¬ 
tracted  with  ether.  From  the  substance  which  was  insoluble  in  ether,  after  purifi¬ 
cation  by  crystallization  from  adcohol,  an  additional  O.9  g  of  the  acetylmethylene 
base  was  obtained,  giving  a  total  yield  of  5 *55  g,  or  79^  of  theory. 

From  the  ether  extract,  after  drying  and  removal  of  the  ether,  there  was  ob¬ 
tained  5.4  g,  or  96^  of  theory,  of  l-methylmercapto-2-methylaminonaphthalene  (XIII, 

R  =  CH3)  in  the  form  of  a  faintly  yellow  oil,  which  crystallized  on  standing.  After 
crystallization  from  alcohol,  m.p.  55®* 

Found  N  6.97* 

C12H13NS.  Calculated  N  6.89* 

The  acetyl  derivative  of  l-methylmercapto-2-methylamlnonapththaler.e  was  obtained 
by  prolonged  heating  with  acetic  anhydride.  The  melting  point  after  crystalliza¬ 
tion  from  alcohol  was  127®* 

...Found  N  5.78.. 

C14H15ONS.  Calculated  M  5*71* 

The  Reaction  of  5-Methyl-2-methylene-a-nsphthothiazollne  with  Ethyl  Iodide 

A  mixture  of  6.8  g  of  the  methylene  base,  7*5  6  (3  moles)  of  ethyl  iodide 
and  15  ml  of  benzene  was  heated  on  a  water  bath  for  1  hour*  The  yield  of  yellow- 
green  crystals  was  8.6  g,  or  92^  of  theory.  M.p.  246-247®,  with  decomposition. 

The  substance  was  Insoluble  in  the  usual  solvents. 

Found  I  21. 56. 

C28H27N2S2I.  Calculated  I  21.79. 

Hydrolysis  of  the  addition  product  took  place  on  brief  heating  with  an  al¬ 
coholic  solution  of  caustic  sodn.  The  solution  was  treated  with  animal  charcoal. 
Upon  cooling,  5-iQ'2thyl-2-acetylmethylene-a-naphthothiazoline  crystallized  out. 

Yield  2  g;  m.p.  199-201®.  A  mixed  test  with  the  acetylmethylene  base  previously 
obtained  (m.p.  202-205®)  gave  no  depression. 

The  addition  of  water  to  the  alcoholic  filtrate  precipitated  a  red-brown  oil, 
consisting  of  l-ethylmercapto-2-methyla'ulncnBphthalene  (XIII,  R  =  C2Hs),  with  on 
admixture  of  the  acetylinethylene  base.  The  l-Ethylmercai)to-2-methylaminoaaphthaleae 
was  extracted  with  ether  and  distilled  in  vacuum.  Yield  1.55  g,  or  52^  of  theory. 
3.p.  190®  at  7  inm.  Upon  heating  with  acetic  anhydride,  the  acetyl  derivative  was 
obtained.  After  recrystallization  from  petroleum  ether,  this  had  m.p.  112-115®. 

Found  N  5*85. 

C15H17ONS.  Calculated  N  5.40. 

The  Reaction  of  5-MethyI-4 ,5-dlphenyl-2-methylenethie.7.ollne  with  Methyl  Iodide 

5-Methyl-4,5-dl phenyl -2 -methylenethiazollne  (XIl)  was  obtained  from  the 
me thj'lmetho sulfate  of  2-methyl-4,5-diphenylthiazole  by  the  same  method  as  the 
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preceding  methylene  bases.  Yield  91^  of  theoryj  small  yellow  plates  with  m.p.  152- 
154®,  with  decomposition.  The  compound  was  Insoluble  in  water,  almost  Insoluble  in 
alcohol,  easily  soluble  in  benzene  with  a  pale  yellow  color,  in  chloroform  with  an 
orange -red  color,  and  in  nitrobenzene  with  a  red  color. 

Found  N  5*^2. 

C17H15NS.  Calculated  N  5*28. 

The  molecular  weight  was  determined  in  benzene: 

Found  M  U5I,  462, 

CitHisNS.  Calculated  M  265. 

The  reaction  of  the  methylene  base  with  methyl  iodide  took  place  in  benzene 
solution  in  the  cold  with  marked  evolution  of  heat.  The  yield  of  addition  product 
with  methyl  iodide  was  quantitative.  After  recrystallization  from  alcohol,  yellow 
crystals  were  obtained;  m.p.  l83-l84®,  with  decomposition. 

Found  S  9 •23* 

CasHasNaSal.  Calculated  S  9*5^« 

4.5  g  of  the  addition  product,  10  ml  of  alcohol,  and  5  nil  of  concentrated 
hydrochloric  acid  were  heated  for  several ‘minutes  on  a  water  bath.  Upon  cooling, 
desylmethylsulfide  (XVII,  R  =  0%)  crystallized  out  in  the  form  of  large,  colorless 
needles.  Yield  of  desylmethylsulfide  1.6  g;  after  recrystalllzatlon  from  alcohol, 

1  g.  M.p.  75-78®. 

Found  S  15.52,  13.23. 

C15H14OS.  Calculated  S  13 

In  order  to  obtain  the  phenylhydrazone,  0.5  g  of  desylmethylsulfide  and  O.3 
g  of  phenylhydrazlne  in  2  ml  of  glacial  acetic  acid  were  heated  on  the  water  bath 
for  1  hour,  and  allowed  to  stand  over  night.  A  quantity  of  0.12  g  of  the  crystal¬ 
line  hydrazone  was  obtained.  After  recrystallization  from  chloroform,  a  faintly 
yellowish  substance  was  obtained,  which  contained  no  sulfur; m.p. 225-226®  .  it  appeared 
identical  with  the  blsphenylhydrazine  of  benzll.  Upon  heating  the  reaction  mixture, 
a  strong  odor  of  mercaptan  was  noted. 

The  filtrate  from  the  desylmethylsulfide,  containing  the  salt  of  the  acetyl- 
methylene  base  (XVIl)  and  methylemine  hydrochloride,  was  treated  with  caustic  potash. 
The  methylamlne  was  driven  off  and  identified  in  the  form  of  the  liydrochloride  (m.p. 
225-226®).  After  the  removal  of  the  methylamlne,  the'residue  gave  3-niethyl-4,5-dl- 
phenyl-2-acetyL"iethylenethiazoline  in  a  yield  of  theory.  The  melting  point 
after  recrystallization  from  alcohol  was  229-250® .  It  was  insoluble  in  water, 
slightly  soluble  in  ether  and  acetone,  slightly  more  soluble  in  benzene. 

Found  ‘jot  N  4.59. 

C19H17ONS.  Calculated  N  4.56. 

Upon  heating  with  the  quaternary  salts  of  nitrogen  heterocycles  containing 
an  active  methyl  group,  the  compound  easily  formed  cyanine  dyes. 

The  Reaction  of  5 -Methyl-4 ,5 -diphenyl-2-methylenethiazoline  with  Ethyl  Iodide 

From  4  g  of  the  methylene 'base  and  2.3^  S  of  ethyl  iodide  in  20  ml  of  benzene, 
the  method  of  the  previous  section  gave.  4.8  g,  or  93^  of  theory,  of  a  yellow  crys¬ 
talline  substance  with  m.p.  214-215®,  with  decompositon. 

Found  I  I8.25. 

C36H35N2S2I.  Calculated  %:  I  l8.49. 

Hydrolysis,  carried  out  in  the  presence  of  hydrochloric  acid  in  alcohol  solution, 
gave  75*^  of  theory  of  3-niethyl-4,5-diphenyl-2-acetylmethylenethiazoline,  with  m.p. 
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229-230®,  and  8^^  of  theory  of  desylethyls’olf ide  (XVII,  R  =  CsH^);  with  m.p.  78** 

Found  S  12.84. 

CieHieOS.  Calculated  S  12.52. 

Phenylhydrazine  gave  with  desylethylsulf ide  the  same  hlsphenylhydrazone  of  benzil, 
with  m.p.  225-226®. 

The  Reaction  of  3-Methyl -6 -nitro-2-methyl'ene'benzothlazoline  with  Methyl  Iodide 

3-Methyl -6-nitro-2-methylene'benzothlazoline  (XVIIl)  was  obtained  by  the  same 
method  as  the  previous  methylene  bases.  From  ^  g  of  the  methyl  methosulfate  of  2- 
methyl-6-nitrobenzothiazole  there  was  obtained  2.4  g,  or  75^  of  theory,  of  the 
methylene  base,  in  the  form  of  orange-red  crystals  with  m.p.  230-232®,  with  decomp¬ 
osition. 

Fo'Jind  H  13*50. 

C9lIe02N2S.  Calculated  H  13*51* 

The  determination  of  the  molecular  weight  in  nitrobenzene  showed  that  this  methylene 
base  also  formed  a  dimer. 

Found:  M  3^7 ^  348. 

C9Ha02N2S .  Calculated: :  M  '208 . 

1  g  of  the  methylene  base  was  heated  in  a  sealed  tube  with  2  g  of  methyl 
iodide  at  100®  for  3*5  hours.  After  evaporation  of  the  methyl  iodide,  the  residue 
was  dissolved  in  hydrochloric  acid,  and  treated  with  potassium  iodide.  This  gave 
the  methyliodide  of  2-methyl -6-nitroben2othiazole. 

In  a  second  experiment,  0.3  g  of  the  methylene  bases  was  heated  with  0.3  g 
of  dimethyl  sulfate  in  chloroform  solution  for  1  hour  at  I30® .  From  the  products 
it  was  possible  to  separate  only  the  methylmethosulfate  of  2-methyl-,6-nitrobenzo- 
thiazole,  with  m.p.  203-204®. 

SUMMARY 

The  reactions  between  alkyl  iodides  and  methylene  bases  of  the  thiazole 
series  have  been  investigated.  It  has  been  shown  that  these  bases  form  with  great 
ease  yellow  crystalline  addition  products  containing  one  mole  of  alkyl  iodide  to 
two  moles  of  the  methylene  bases.  Addition  products  of  methyl  and  ethyl  iodide 
have  been  obtained  with  3-niethyl-2-nethylenebenzothlazoline,  3 -n^ethyl -2-methylene - 
a-naphthothiazollne,  3-niethyl-4,5-dlphenyl-2-methylenethiazoline,  and  also  the 
addition  product  of  methyl  iodide  with  3-ethyl-2-methylenebenzothiazoline.  The 
structures  of  these  compounds  have  been  determined. 

In  the  presence  of  acids  and  alkalies,  these  compounds  are  easily  hydrolyzed. 
Upon  hydrolysis,  the  addition  products  of  alkyl  iodides  and  3-ni2thyl-2-methylene- 
benzothiazollne  give  3-niethyl-2-acetylmethi''lenebenzothiazoline  and  o-alkylmercapto- 
N-methylanillne.  Similarly,  the  addition  products  of’ alkyl  iodides  euid  3-methyl-2- 
methylone -a-naphthothiazoline  give  3-niethyl-2-acetylmethylene-a-naphthothiazoline 
and  l-aikyimei’capto-2-methylan3inonaphthalene.  Hydrolysis  of  the  addition  products 
of  alkyl  iodides  and  3-niethyl-4,5-diphenylthiazoline  gives  3-in-ethyl-4,5-dlphenyl-2- 
acetylmethylenethlazoline,  desylalkylsulf ide,  and  methylamine. 
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INVESTIGAJtlONS  IN  THE  FIELD  OP  HYDROXYPUCHSONE  DYES 


X.  THE  SO-CALLED  TADTOMERiai  HYDROXYTRIARYLCARBINOLS 


I.  S.  Yoffe  and  Z.  Ya.  Khavin 


Departnent  of  Organic  Chemistry  of  the  Mill tary-Naral  Medical  Academy 


It  vas  long  -ago  observed  that  hydroxytriarylcarblnols,  depending  on  the 
conditions  of  their  Isolation  or  crystallization,  could  be  obtained  either  in 
colorless  form,  or  with  a  yellow  color j  as  a  rule,  the  colored  modification  of  any 
given  hydroxytriarylcarbinol  melted  lover  than  the  colorless  form.  These  proper¬ 
ties  of  hydroxytriarylcarbinols  were  first  observed  at  the  beginning  of  the  present 
century  in  the  original  member  of  the  series,  4-hydroxytriphenylcarbinol  (t) .  In 
1901,  Bistrzhltsky  and  Eerbst  [i]  obtained  this  substance,  after  crystallization 
from  50^  acetic  acid,  in  the  form  of  yellow  crystals  with  a  constant  m.p.  158-159” 5 
however,  Auwers  and  Schroetter  [2]  soon  shoved  that  if  these  colored  crystals  were 
dissolved  in  alkali  and  carbon  dioxide  gas  was  passed  through  the  colorless  solu¬ 
tion  thus  obtained,  then  hydroxytrlphenylcarbinol  separated  in  the  colorless  form, 
with  m.p.,  after  crydtalllzation  from  benzene,  of  157-159***  Upon  careful  crys¬ 
tallization,  the  melting  point  could  rise,  in  certain  cases,  to  I65*. 

Somewhat  later,  in  190^,  Bistrzhltsky  and  Zurbriggen  [3]  observed  that  5- 
methyl-4-hydroxytrlphenylcarblnol  (II)  also  could  be  Isolated  in  two  modifications, 
colorless  and  colored.  Ten  years  later,  Gomberg  [4],  who  became  Interested  in  4- 
hydroxytriphenylcarblnol  in  connection  with  his  investigations  in  the  field  of 
triphenylmethyl,  obtained,  together  with  his  coworkers  [s,6]  a  series  of  deriva¬ 
tives  of  this  substance  which  contained  different  substituents  in  the  ortho  posi¬ 
tion  to  the  hydroxyl  group.  All  these  derivatives  of  4 -hydroxytrlphenylcarbinol 
could  be  isolated  either  in  a  colored  or  a  colorless  form.  As  an  example,  we  may 
take  5 -niethoxy-4 -hydroxytrlphenylcarbinol  (ill),  which  was  obtained  in  a  color¬ 
less  modification  with  m.p.  159”  >  and  in  a  colored  modification  with  m.p.  l46-l47” . 


(I)  (II)  (III) 

Already,  by  1952,  Bistrzhltsky  and  Yablonslty  [7]  had  investigated  deriva¬ 
tives  of  4-hydroxytriphenylcarbinol  containing  substituents,  in  particular  methoxy 
groups,  as  well  as  other  nuclei  of  the  triarylme thane  classification,  and  had  ob¬ 
served  that  these  substances  too  could  be  obtained  either  in  colorless  or  in  colored 
form. 

A  study  of  the  properties  of  the  colorless  and  colored  modifications  of  the 
hy'.lroxytriai^'lcarbinols  revealed  that  they  had  exactly  the  same  elementary  composi¬ 
tion,  and  could  be  converted  into  each  other.  Upon  moderate  heating  of  the  colorless 
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hydroxytrlorylcarblnol.  It  turned  yellow,  and  its  melting  point  was  lowered^ 
approaching  that  of  the  colored  modification)  ty  the  crystallization  of  the  color¬ 
less  hydroxytrlarylcarblnols  from  50-70^  acetic  acid,  the  yellow,  Icw-meltlng  modi-, 
ficatlons  were  obtained.  On  the  other  hand,  by  the  crystallization  of  both  the 
colorless  and  the  colored  modifications  of  the  hydroxytriarylcarbinols  frm  alcohol 
containing  ammonia,  or  from  benzene  to  which  pyridine  had  been  added,  the  colorless 
hydroxytrlarylcarblnolB  were  obtained.  Both  modifications  dissolved  in  aqueous 
alkalies  to  give  colorless  solutions.  These  same  solutions  were  obtained  by  treat¬ 
ment  with  alkali  of  the  fuchsones  with  corresponding  structures.  From  these  color¬ 
less  alkaline  solutions,  the  hydroxytrlarylcarbinola  could  be  separated  either  in 
a  colored  or  in  colorless  form:  upon  acidification  of  the  alkaillne  solution  with 
acetic  acid,  the  yellow  modification  precipitated)  upon  the  passage  of  carbon  dioxide 
through  the  alkaline  solution,  or  still  better,  upon  the  addition  of  ammonium  chlor¬ 
ide,  the  colorless  hydroxytrlarylcarblnol  precipitated  out.  But  in  the  latter  case, 
even  during  the  filtration,  the  precipitate  usually  acquired  a  yellow  color. 

On  the  basis  of  these  properties  of  the  hydroxytrlarylcarblnols,  there  de-- 
veloped  the  opinion  that  the  colorless ^and  colored  modiflcattons  were  tautomers,'  or, 
more  accurately,  desmotropes.  The  firUt  suggestion  concerning  the  tautomerlsm  of 
the  hydroxytrlarylcarbinols  wets  expressed  back  In  1903^  l^y  Blstrzhltslct  and  Herbst 
[0].  They  considered  that  the  colorless  hydro xytriphenylcarbinol  had  the  structure' 
(l))  to  the  colored  tautomer,  they  ascribed  the  qulnold-llke  structure  (IV).  This 
form,  \rtilch  was  the  first  to  be  Isolated,  they  at  first  ceilled  a-hydroxytrlphenyl- 
carblnol)  later,  Bistrzhltskjr  and  Yoblonsky  [7]  proposed  for  it  the  name  pseudo- 
hydr  oxy  tr  Iphenylcarb  Inol . 


The  idea  of  the  tantojierism  of  the  hydroxytrlEirylcprblrjols  was  supported  by^ 
Goiaberg  [4],  vho  saw  in  this  a  confln^atlon  of  his  views  on  the  structure  of  the 
triarylmetbyls  and  the  trlarylme thane  dyes.  Ocuberg's  school  studied  this  question 
and  devoted  a  series  of  Investigations  to  its  several  of  these  [0,9,10]  were  even 
published  under  the  title  On  the  Tautci^erlsm  of  the  Hydrozytriarylcerbinols.  But 
Goniberg  differed  frcmi  Bistrzhitsky  in  proposing  for  the  colored  desmotrope  of  4- 
hydrcxytrlphenylcarblnol  not  the  carblnol,  but  the  quinol  structure  (V),  and  he  , 
decided  that  the  colored  desriotropes  of  the  other  hydroxytriarylcarblnols  had  a  ‘ 
similar  structure.  All  the  same,  Blstrzhltsky  end  Yoblonsky  returning  in  1932, 

after  a  lengthy  Interruption,  to  investigations  in  this  field,  cited  Goniberg* s 
formula  without  critical  consideration,  and  thenselves  continued  to  ascribe  to  the 
pseudc^-hydraxytrlarylcarblnols  *.bd  to  the  colored  desmotropes  of  other  hydroxy 
triarylcarbinols  the  structure  (IV). 

However,  the'  dispute  about  the  structure  of  pseudo-hydroxytrlarylcarblnols 
seemed  to  us  pointiest)  •Lon  the  basis  of  our  investigations,  we  arrived  at  the  con¬ 
clusion  that  the  desmotroplsm  of  the  hydroxytrlarylcarbiuols  described  above  was 
more  than  doubtful. 

Goniberg,  the  most  consistent  defender  of  the  position  that  the  hydroxytriaryl¬ 
carblnols  were  desmotropes,  saw  vhat  appeared  to  him  a  completely  satisfactory 
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coaflTmatloii  of  his  opinion  In  the  fact  that  the  colored  forao  of  the  hydroiytrl- 
exylcorblnols,  upon  crystallization  froaa.  acetic  acid,  had  melting  points 'and  other 
properties  which  did  not  change  upon  repeated  crystallization.  In  addition,,  he 
considered  that  a  coEiparison  of  the  hehavior  of  the  colorless  and  the  colored  modi¬ 
fications  upon  heating,  and  a  comporlBon  of  the  absorption  curves  for  light  in  the  - 
ultraviolet  part  of  the  spectrun  confirmed  his  opinions. 

Even  during  his  first  Investigation  of  hydroxytrlphenylcarblnol,  Goaberg  [4] 
noted  that  the  colorless  form  split  off  water  with  more  difficulty  than  did  the 
colored  foiva  In  Its  transformation  Into  fuchsone.  Thus,  for  exar^le,  upon  heating 
at  100“  for  50  minutes,  the  colored  form  gave  50^  of  the  theoretically  calculated 
amount  of  water,  the  colunrless  form  gave  only  IO5&.  However,  later Gmb erg  and  van 
Stone  [6]  noted  that  the  conversion  of  hydroxytrlarylcarblnols  into  fuchsones  at 
high  temperatures  vos  accompanied  by  side  reactions  of  decomposltlonj  therefore, 
they  proceeded  to  compare  the  velocities,  of  dehydration  of  what  were  In  their  opin¬ 
ion  tautomeric  forms  of  hydrosytriarylcarbinols  by  heating  at  75'*-  For  this  pur¬ 
pose,  accurately  welded  sa25)les  of  the  ’desmotropes’  to  be  compared  were  placed 
In  small  porcelain  boats,  heated  In  a  copper  tube,  which  was  placed  In  a  copper 
glycerine  bath,  while  a  stream  of  dry  air  was  passed  through  the  tube  and  over  the  • 
surface  of  the  compounds.  Upon  the  expiration  of  a  definite  period  of  time,  the 
boats  were  weighed,  and  thus  the  loss  In  weight  of  the  substances  under  investiga-  1 
tlon  was  found. 

According  to  the  data  of  Gosaberg  and  van  Stone,  under  these  conditions,  the 
colored  'desmo tropes*  showed  a  loss  In  weight  which  corresponded  to  the  calculated 
theoretical  valu^  f(5r  the  conversion  of  the  hydroxytrlarylcarblnols  into  the  corres¬ 
ponding  fuchsoTLes  much  more  rapidly  than  did  the  colorless  forms.  Most  significant 
were  the  results  they  obtained  by  this  sort  of  comparison  of  the  colonless  and  '  ' 
colored  forriis  for  5 -iaethQxy-4 -hydroxytrlphenylcarblnol  (Hi)}  in  the  colored  form,  . 
the  loss  In  weight  corresponding  to  the  theoretlceil  value  calculated  for  the  loss  1 
of  1  mole  of  water  was  reached  In  2  hours,  I5  minutes,  ”»dille  the  colorless  form 
attained  this  seaie  point  only  in  I56  hours. 

These  results,  in  the  opinion,  of  Gocaberg  end  von  Stone,  were  one  of  the  most 
satisfactory  conflnoatlons  not  only  of  the  decaotropy  of  the  hydroxytrlarylcar¬ 
blnols,  but  also  of  the  quinol  structure  (V)  of  the  colored  ‘deapjotropes* .  The 
presence  In  the  latter  of  two  hydroxyl  groups  on  one  and  the  seme  carbon  atonv  sup¬ 
posedly  resulted  In  the  relatively  rapid  splitting  off  of  wotar.  In  cc^arlson  with 
tlie  color  less  form,  to  give  fuchsone^  the  color  lens,  iccre  strbD.e  hydroxytrlaryl¬ 
carblnols,  in  Gcilberg's  opinion,  upon  heating  first  iBcaerizsd  to  give  the  colored 
'desciotropes* ,  which  as  they  “were  fo.-wed,  gave  off  v?-ter,  and  were  ccpverted  into 
fuchsones.  4 

We  decided  to  carry  out  an  accurate  reproduction,  of  these  experlnents  of  * 
Gcmberg  and  van  Stone 5  as  the  coit^povjad  to  be  investigated,  -we  chose  3~aiothoxy-4- 
hydroxytriphenylcarblnol,  which  gave.  In  the  experiments  of  Gcmberg  and  van  Stone,  ’ 
the  most  significant  results 5  this  could  be  obtained  by  a  method  described  by  us 
In  detail  In  a  previous  comrumicctlon  [11],  -.vEowever,  wishing  to  observe  carefully 
everything  that  happened  in  the  process,  •we  carried  out  our  experiments  not  in  cop¬ 
per,  but  In  glass  apparatus. 

Definite  soirples  of  the  finely  powdered  color  less  suxd  colored  forms  of  the 
substance  had  melting  points  159“  and  146-14-7“  respectively;  this  corresponded 
accurately  to  the  figures  given  by  Gcmberg  and  van  Stone.  Ve  •weighed  the  samples 
in  small  porcelain  boats,  and  heated  them  at  75“  (with  eui  accuracy  of  1“),  In  a 
glass  tube,  placed  In  a  glass  glycerine  bath,  while  a  steady  s-Lream  of  dried  air 
vT.s  passed  through  the  tube.  The  exit  end  of  the  tube  was  fitted  with  a  calcium 
c)LLO.ride  tube.  The  boat  was  weighed  after  the  sane  lapse  of  time  as  In  the  experi¬ 
ments  of  Gcmberg  and  van  Stone. 
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The  results  ve  obtained  do  not  corpletely  correspond  to  the  results  described' 
by  Qomberg  and  van  Stone.  lA  our  experliients  too,  the  colored  form  of  5-^ethoacy- 
U-hydroxytrlphenylmcthyl  lost  weight  much  more  rapidly  than  the  colorless  fora;  but, 
the  lose  in  weight  corresponding  to  that  theoretically  req^ulred  for  the  removal  of 
1  mole  of  fisO,  5.245&,  was  attained  by  us  upon  hhatlng  the  colored  form  at  75**  iwDt 
for  2  hours  15  minutes,  as  In  the  experiments  of  Gooberg  and  van  St6ne,  but  for  a 
much  longer  period  —  for  5O  hours.  Under'  these  conditions,  after  tliasame  period  • 
of  time,  the  colorless  5-methoxy-4-hydroxytrlphenylcarblnol  showed  a  loss  in  weight 
that  amounted  in  all  to  0.6^. 

However,  our  basic  difference  from  Goraberg  and  van  Stone  lien  elsewhere.'  ^ 
According  to  Gomberg  and  his  school,  the  loss  in  wei^t  upon  heating  hydroxytrlaryl- 
carbinols  must  quantitatively  characterize  the  degree  of  their  conversion  into  the 
corresponding  fuchsones;  with  a  loss  in  welf^t  corresponding  to  the  theoretical 
amount,  the  carhlnol  taking  part  in  the  reaction  is  completely  converted,  according 
to  Gomberg* s  opinion,  into  fuchsone.  But  it  was  precisely  this  assumption  that 
Gomberg  and  van  Stone  failed  to  confirm  —  and  this  is  the  root  of  the  error  they 
made. 

As  we  have  already  shown  earlier  [n],  the  thermal  conversion  of  hydroxytrl- 
arylcarhinols  into  fuchsones  does  not  take  place  quantitatively  and  is  accompanied 
by  destructive  processes.  We  were  once  more  able  to  satisfy  ourselves  of  this  by 
carrying  out  the  experiments  described  above  not  in  copper,  as  did  Gomberg  and  van- 
Stone,  but  in  glass  apparatus.  Because  of  this,  we  noted  something  that  escaped 
the  attention  of  the  American  investigators:  at  the  cold,  exit  end  of  the  tube  In 
which  the  boat  with  the  substances  investigated  was  placed,  we  noticed  a  crystal¬ 
line  deposit  of  some  yellow  organic  substance,  which  we  could  not,  because  of  Its 
small  quantity,  determine.  But  from  this  alone,  it  followed  tliat  the  loss  In  weight 
of  the  heated  carbinols  was  the  result  not  only  of  their  dehydration,  but  of  some 
sort  of  destructive  process;  therefore,  this  loss  of  weight  could  not  serve  as  a 
quantitative  criterion  of  the  dehydration  of  hydroxytriarylcarbinols. 

In  fact,  upon  further  heating  of  the  substance  obtained  from  the  colored 
'desmotrope*  of  3 “niethoxy-4-hydroxytriphenyl carhlnol,  beyond  the  point  where  loss 
in  vei^t  reached  the  theoretically  calculated  value,  and  the  process  of  dehydration 
was  seemingly  complete,  it  continued  to  lose  weight;  after  100  hours,  this  loss  in 
weight  reached  8.4^,  which  was  1.6  times  as  high  as  the  theoretically  calculated 
5.24^. 

In  order  to  confirm  more*  fully  the  observations  ve  had  made,  as  described 
above,  ve  decided  to  moke  a  more  thorough  study  of  the  product  of  reaction  obtained’ 
from  the  colored  'desmotrope*  at  the  moment  when  the  loss  in  weight  reached  the 
theoretical  value,  and  when,  according  to  the  views  of  Gomberg  and  van  Stone,  "the 
•  contents  of  the  boat  must  consist  almost  completely  of  3~ni'^thoxyfuchsone;  Gomberg 
and  van  Stone  in  their  investigations  also  failed  to  do  this  —  their  other  Impor¬ 
tant  omission. 

Taking  advantage  of  the  properties  of  3-niethoxyfuchsone,  which  "we  have  des¬ 
cribed  [ill,  as  being  similar  to  those  of  the  other  fuchsones,  to  prepare  a  'water'^ 
soluble  colorless  bisulfite  derivative  (the  fuchsone  thus  differs  from  the  corres¬ 
ponding  hydroxytrlarylcarblnol) ,  we  dissolved  the  material  imder  investigation  in 
alcohol,  added  to  this  solution,  a  few  milliliters  of  sodium  bisulfite,  and  heated 
this  mixture  on  the  water  bath  at  5O-6O®  for  a  few  minutes.  For  purposes  of  compar¬ 
ison,  ve  treated  an  equal,  weight  of  known  5 -siethoxy fuchsone  under  fe^actly  the  sane 
conditions  with  the  same  amount  of  bisulfite.  Still  under  identical  conditions,- 
ve  poured  both  solutions  into  water.  From  the  known  3 -nethoxy fuchsone,  we  obtained 
a  completely  transparent  colorless  solution;  from  the  substance  unde.r  investigation 
we  obtained  an  abundant  precipitate,  which  showed  that  it  was  the  original  carblnol. 
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but  colored  slightly  yellow. 

Even  with  longer  heating  of  the  colored  * de smotrope '  of  3 -me thoxy-U -hydroxy - 
fuchsone,  when  Its  loss  in  weight  was  much  greater  than  the  theoretically  calcula¬ 
ted  value,  the  residue  in  the  boat  even  then  did  not  completely  form  the  bisulfite 
derivative  of  fuchsone j  upon  the  treatment  with  bisulfite  Indicated  above,  this 
sample  too  gave  a  large  quantity  of  the  unchanged  original  carbinoi  in  the  precip¬ 
itate. 

Thus,  all  our  experiments  show  that  the  loss  in  weight  upon  heating  the 
hydrexj-briarylcarbinols  is  not  in  the  least  a  quantitative  criterion  for  the  degree 
of  dehydration  of  these  compounds)  therefore  the  work  of  Gomberg  and  van  Stone  under 
consideration,  contrary  to  the  opinion  of  these  authors,  cannot  serve  as  any  sort 
of  satisfactory  argument  either  to  defend  the’ tautomer  ism  of  the  hydroxyarylcaxbln- 
ols,  nor  for  the  qulnol  formula  of  structure  (V)  for  the  colored  desmotropes* ,  as 
put  forward  by  Gomberg. 

Another  argument  advanced  by  Gomberg  and  his  school  in  defense  of  the  posi¬ 
tion  cited  was  based  on  a  comparison  of  the  absorption  curves  for  ultraviolet 
light  of  the  colorless  and  colored  *desmotropes'  of  the  hydroxytrlarylcarbinols, 
and  of  the  fuchsones  which  corresponded  to  them.  These  investigations,  begun  by 
Gomberg  and  Anderson  in  1927  were  continued  in  1929  Anderson  [lo].  However, 

the  conclusions  from  these  investigations  evoke  considerable  doubt. 

In  comparing  the  absorption  curves  of  the  colored  ’desmotropes*  and  the  . 
corresponding  fuchsones,  Gomberg  and  Anderson  noted  that  on  the  absorption  cuciVe 
of  each  of  the  colored. ’desmotropes*  under  investigation  there  was  a  maximum  at 
the  same  wave  length  where  there  was  a  maximum  on  the  absorption  curve  of  the 
corresponding  fuchsone.  In  this  Gomberg  and  Anderson  saw  a  confirmation  of  the 
quinoid-like  quinol  structure  of  the-  colored' desmotropes.  But  it  is  evident  from 
these  very  experiments  of  Gomberg  and  Anderson  that,  on  the  one  hand,  the  values 
of  the  maxima  for  the  colored  'desmotropes'  which  are  Indicated  above  as  being  ’in 
agreement  with  regard  to  wave  length  are  much  smaller  than  for  the  corresponding  . 
fuchsones:  and  on  the  the  other  hand,  the  absorption  curves  of  the  colored  'desmo¬ 
tropes'  have,  in  addition,  other  maxima  as  well,  which  correspond  not  to  the  res¬ 
pective  fuchsones,  but  to  the  colorless  hydroxytrlarylcarbinols. 

For  purposes  of  illustration,  we  shall  introduce  a  few  data  borrowed  from 
the  work  of  Anderson  [-'-o].  Table  1  gives  a  comparison  of  the  wave  lengths  of 
the  characteristic  maxima  of  the  absorption  curves  of  both  the  Vlesmotropes'  and  • 
the  fuchsones  of  corresponding  structure  for  several  compounds  studied  by  Anderson. 


TABLE  1 


Substance 

TTave  lengths  of  maxlmfl. 

4 -hydroxy- 

Colorless  carbinoi.... 

...,.3500i  35825  3701s  STSits  5802;  3850 

triphenyl- 

Colored  'desmotrope' . . 

27415-35025  55895  57035  57555  53065  3856 

carbinoi 

Fuchsone . 

2764., 

3 -methyl-4 -hy- 

Colorless  carbinoi.... 

.  34935  55775  56925  57485  38495  3946 

dr  oxy tr Iphenyl - 

Colored  'desmotrope'.. 

27435  34965  5585s  5700s  375I5  58345  3950 

carbinoi 

Fuchsone . 

2740, 

5 -me  thcxy-4 -hy - 

Colorless  carbinoi. . . . 

.  54835  3548s  57085  37475  38585  5951 

droxy triphenyl- 

Colored  'desanotrope' . . 

2648)  34793  55^83  5702)  3751)  3848)  5941 

carbinoi 

Fuchsone. . . 

2648 

This  table  shovs  at  a  glance  that  the  absorption  cui’v.ea  of  the  colored  desmo- 
tropes  have  maxima  for  wave  lengths  which  correspond  simultaneously  to  all  the  maxima 
both  for  the  respective  fuchsones  and  the  respective  colorless  carblnols.  Therefore, 
we  cannot  agree  with  the  statements  of  Gomberg  and  Anderson  that  a  comparison  of  the 
absorption  curves  in  the  ultraviolet  satisfactorily  confirms  the  existence  of  desmo- 
tropism  in  the  hydroxy.triarylcarbiiiol  series,  as  well  as  the  quinold-llke  structure 
of  the  colored  ’desmotropes' .  From  these  very  data  of  Gomberg  and  Anderson,  we  can 
with  great  probability  draw  the  conclusion  that  the  colored  ‘desmotropes*  are  mix¬ 
tures  of  the  corresponding  colorless  carbinols  and  fuchsones,  and  that  the  color  of 
these  ’desmotropes*  is  the  result  of  the  presence  in  them  of  an  admixture  of  fuchs¬ 
ones.  Ramar-Luka  and  Martynov,  [12^13],  who  comparatively  recently  studied  the  ab¬ 
sorption  spectra  in  the  ultraviolet  of  both  modifications  of  4-hydroxytriphenyl- 
carbinol  and  of  fuchsone,  drew  exactly  this  conclusion. 

An  important  argument  of  Gomberg  and  his  school  in  defense  of  the  desmotropy 
of  the  hydroxytrlarylcarblnols  was  that  the  colored  forms  or  ’desmotropes*,  as 
these  authors  designated  them,  upon  crystallization  from  aqueous  acetic  acid  had  a 
stable  melting  point  and  other  properties,  which  did  not  change  upon  repeated  crys¬ 
tallization  from  the  same  solvent.  But',  having  advanced  this  argument,  Gomberg  was 
insufficiently  critical  both  with  regard  to  the  various  properties  observed,  and  to 
the  work  of  his  predecessors. 

Even  in  1903,  Auwers  and  Schroetter  [2]  noted  that  4-hydro:Qrtrlj>henylcai;binol 
obtained  by  crystallization  from  acetic  acid  in  a  colored  form  could  be  Isolated, 
depending  on  the  concentration  of  the  acetic  acid  used  for  this  purpose,  in  the 
form  of  crystals  with  a  greater  or  lesser  intensity  of  color,  and  with  different 
melting  points;  in  certain  cases,  the  melting  point  equaled  138-139*,  in  others, 
l40“,  and  in  a  few  they  reached  143-144®.  However,  Auwers  and  Schroetter  ascribed 
no  significance  to  this  observation;  they  saw  the  cause  of  these  differences  in 
melting  point  in  the  fact  that  4-hydroxytrlphenylcarblnol  was  converted  into  fuch¬ 
sone  by  heating,  and  that  therefore,  the  melting  point  of  the  substance  could  change 
slightly  depending  on  the  velocity  of  its  determination,  which  was  not  always  taken 
into  account. 

Gomberg  and  Anderson  also  had  more  than  one  opportunity  of  confirming  the 
fact  that  the  colored  ’desmotropes*  and  other  hydroxyt>riarylcarbinols,  depending  on 
the  conditions  of  crystallization,  differed  in  external  characteristics.  Tlius,  for 
example,  they  pointed  out  [9]  that  the  ’quinold  tautomers*  upon  crystallization 
from  50,  80,  and  70^  acetic  acid,  or  from  ^0  and  60^  propionic  acid,  depending  on 
the  concentrations  of  these  acids,  were  obtained  with  more  or  less  intense  color; 
the  crystals  obtained  from  the  acetic  acid  were  much  more  yellow  than  the  crys¬ 
tals  from  the  6C'3G,  and  the  latter  jcorfe  yellow  than  those  from  the  50^  acid.  The 
relation  of  colors  of  the  crystals  obtained  from  propionic  acid  at  different  con¬ 
centrations  was  of  the  same  kind.  However,  according  to  the  claim  of  Gomberg  and 
Anderson,  the  differences  in  the  intensity  of  the  color  of  the  crystals  could  be 
explained  by  the  character  of  the  crystals  alone,  as  solutions  of  all  of  them  gave 
qiiantitatively  identical  absorption  spectra.  Therefore  Gomberg  and  his  school  un¬ 
conditionally  accepted  the  supposed  fact  that  the  colored  ‘desmotropes*  of  hydroxy- 
trlarylcarblnol  were  completely  individual  substances  with  characteristic  constants^ 

Our  experiments  have  led  us  to  completely  different  conclusions.  We  have 
crystallized  4-hydroxytriphenylcarbtnol  and  3“®^ihoxy-4-hydroxytriphenylcarblnol  from 
acetic  acid  of  40,  60,  and  80^  concentration.  The  crystals  which  separated  out, 
after  being  dried  to  constant  weight  in  a  vacuum  dessicator,  shoved  different  melting 
points  when  these  were  determined  simultaneously  in  a  single  apparatus.  The  inten¬ 
sity  of  color  of  the  crystals  was  also  different.  In  order  to  make  clear  whether 
these  differences  actually  depended  only  on  the  character  of  the  crystals,  and  not 
on  their  containing  different  amounts  of  various  colored  substances,  we  dissolved 


equal  weights  of  the  crystals  obtained  in  benzene  and  made  a  colorimetric  compari¬ 
son  of  the  Intensity  of  color  of  the  solutions.  We  shall  give,  for  the  sake  of  ex¬ 
ample,  the  data  obtained  for  5-methoxy-4-hydroxi'i:riphenylcarblnol.  Solutions  ob¬ 
tained  by  dissolving  O.OOO5  mole  of  the  substance  in  10  ml  of  benzene  differed 
noticeably  in  the  intensity  of  their  colors.  To  comparet' the  solution  of ' the  pro¬ 
duct  obtained  by  crystallization  from  40^  acetic  acid  and  having  m.p.  153-155“# 
we  compared  it  color imetrically  with  similar  solutions  of  the  substances  obtained 
by  crystallization  from  60^  and  80^  acetic  acid,  and  melting  at  l47-l48®  and  l45- 
150*,  respectively.  The  former  of  these  had  one  half  as  intense  a  color  as  the 
substance  from  40^,  and  the  latter  approximately  one  tenth.  Having  assumed  that 
the  intensity  of  the  color  both  of  the  crystals  and  of  the  solutions  made  up  from 
them  depended  on  their  content  of  3-iii^'thoxyfuchsone,  we  dissolved  0,0005  mole  of 
the  latter  in  10  ml  of  benzene,  and  took  this  solution  as  a  standard  (diluting  ft, 
for  convenience  in  measurement,  to  5  tines  its  previous  volume,  and  then  making  the 
proper  correction  in  the  colorimetric  measurements)  for  additional  colorimetric 
determinations.  All  the  results  obtained  in  this  series  of  experiments  are  given 
in  Table  2. 


TABLE  2 


No.  of 
expt. 

Yellow  4-hydroxy-3-methoxy- 
triphenylcarbinol,  crystal¬ 
lized  from  acetic  acid  (^) 

Melting 

point 

Intensity  of  color  of  the 
benzene  solution  compared  with 

substance  1 

3-methoxyfuchsone 

(in 

1 

40 

153-155“ 

100 

1.1 

2 

60 

147-148 

50 

0.55 

3 

80 

145-150 

9  1 

0.1 

We  obtained  similar  results  when  we  investigated  the  corresponding  crystal¬ 
lized  4-hydi'oxytriphenylcarbinol. 

It  is  clear  from  the  data  of  Table  2  that  contrsiry  to  the  views  of  Auwers 
and  Schroetter,  on  the  one  hand,  end  of  Gomberg  and  his  covorkers  on  the  other, 
the  colored  3-ni^‘thoxy-4-hydroxytrlphenylcarbinol  obtained  upon  crystallization 
from  acetic  acid  of  different  concentrations  is  not  one  and  the  same  substance, 
but  a  mixture,  differing  both  in  melting  point  and  in  its  content  of  the  color- 
carrying  substance;  according  to  our  suggestion,  this  is  the  related  fuchsone. 

But  the  emoup.t  of  the  letter  is  very  small;  in  this  connection,  it  became  clear 
to  us  why  Gomberg  end  /jidersoh  [10]  found  so  low  a  maxlrum  on  the  absorption  curves 
of  the  colored  'desaotropes'  of  hydroxytrlaaylcarbinols  at  wave-lengths  correspon¬ 
ding  to  the  absorption  maxiira  of  the  related  fuchsones.  On  the  other  hand,  with 
such  small  concentrations  of  fuchsone  and  such  smll  Lm-xlma  on  the  absorption  curves, 
Gomberg  and  Anderson  were  uneble,  as  we  have  shown  above,  to  detect  a  quantitative 
difference  in  the  intensity  of  the  color  of  solutions  by  determining  their  ab¬ 
sorption  spectra,  and  this  led  to  incorrect  conclusions. 

We  found  the  first  actual  .confirmation  of  our  supposition,  that  the  cause 
of  the  color  of  the  colored  forms  of  3-Ei-thoxy-4-hydroxytriarylcarblnol  is  the 
5 -methoxy fuchsone  contained  in  these  forms  in  quantities  that  vary  according  to 
the  concentration  of  the  acetic  acid  from  which  the  substance  was  crystallized. 

In  the  fact  that  substances  ccrripletely  similar  to' those  described  in  Table  2  were 
obtained  by  us  upon  crystallization  from  acetic  acid  of  the  indicated  concentra¬ 
tions  not  only  of  the  colorless  carblnol,  but  of  the  corresponding  fuchsone.  Upon 
crystallizing  the  latter  froiu  acetic  acid  of  40,  60,  and  80^  concentration  in  con¬ 
ditions  corresponding  to  those  for  the  crystallization  of  the  carblnol,  we  obtained 
specimens  of  colored  5-methoxy-4-hyQroxytrlphenylcarblnol  with  the  some  properties 
as  if  the  carblnol  itself  had  been  crystallized. 
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From  this  we  may  draw  the  probable  conclusion  that  uppn  heating  the  acetic 
acid  solutions  of  the  hydroxytriarylcarblnols  or  their  corresponding  fuchsones, 
as  well  as  mixtures  of  these  substances,  two  processes  may  take  place  simultaneously 
—  the  hydration  of  the  fuchsones,  and  the  dehydration  of  the  hydroxytriarylcarblnols. 
The  mutual  relations  of  these  two  opposing  processes,  which  determine  the  conditions 
of  equilibrium,  and  as  a  consequence,  the  content  of  fuchsone  in  the  crystals  that 
separate  out,  must  depend  on  the  concentration  of  acetic  acid. 

For  experimental  confirmation  of  this  supposition,  we  carried  out  the  following 
series  of  experiments.  Using  0.001  mole  each  of  fuchsone,  5-methoxyfuchsone,  and 
the  colorless  hydroxytriarylcarblnols  corresponding  to  both  of  these,  that  is,  4- 
hydroxytriphenylcarbinol  and  3-methoxy-4-hydroxytriphenylcarbiuol,  we  dissolved  this 
amount  In  100  ml  of  acetic  acid  of  different  concentrations,  and  boiled  all  the 
solutions  obtained  under  Identical  conditions  in  small  flasks  fitted  with  refliix 
condensers  for  30  minutes.  After  cooling,  we  determined,  colorimetrically,  the  In¬ 
tensity  of  the  color  of  each  solution,  taking  the  solution  of  the  respective  fuch¬ 
sone  in  glacial  acetic  acid  as  a  standard.  The  results  are  listed  in  Table  3- 


TABLE  5 


Concentra¬ 
tion  of 
acetic  acid 
1o 

Intensity  of  color, 

starting  with 

Fuchsone 

1 

4 -hydr oxytr iphenyl - 
carblnol  (in 

5-methoxy 
fuchsone  (^) 

3 -me thoxy-4 -hydr oxy¬ 
tr  Iphenylcarbinol  (  ^  ) 

100 

100 

100 

100 

100 

80 

51 

51 

60 

60 

60 

8.5 

8 

50 

50 

40 

5 

2.5 

9  • 

9  • 

Tills  series  of  experiments  makes  it  very  evident  that  upon  heating  with 
aqueous  acetic  acid.  Independent  of  whether  the  starting  material  is  a  given  fuchs¬ 
one  or  the  corresponding  color less  carblnol  derivative,  the  identical  mixture  is 
formed  in  the  solution,  consisting  of  both  these  substances  in  quantities  which 
depend  on  the  concentration  of  acetic  acid.  It  is  thus  completely  indisputable 
that  in  acetic  acid  solutions  both  opposing  processes  actually  take  place  —  the  hy¬ 
dration  of  the  fuchsone,  and  the  deliydraticn  of  the  carblnol,  leading  to  an  equili¬ 
brium  of  the  system,  whose  nature  depends  for  each  pair  of  substance  on  the  concen- 
tratiou  of  the  acid. 

However,  on  comparing  the  data  of  Tables  2  and  5^  ve  see  that  the  content  of 
fuchsone  in  acetic  acid  solution  of  a  given  concentration  reached  at  the  equillbrl\m 
condition,  is  very  much  greater  than  the  content  of  fuchsone  in  the  solid  substance 
that  separates  out  from  this  solution  during  crystallization.  Thus,  for  example, 
ill  the  40°  acetic  acid,  the  content  of  5 -J^'^thexy fuchsone  at  equilibrium  reaches 
but  in  the  crystals  that  separate  out  from  this  solution  it  is  only  1.1^.. 

There  is  another  striking  example:  in  80^  acetic  acid,  the  amount  of  3-niQthoxyfuchs- 
one  at  equilibrium  is  60^,  while  in  the  crystals  of  5“ittethoxy-4-hydroxytrlphenyl- 
carblnol  obtained  from  this  solution,  it  reaches  only  0,1^.  This  is  due  to  the 
different  solubilities  of  the  fuchsones  and  the  hydroxytriarylcarblnols  which  cor-’ 
respond”  to  them  in  organic  .solvents,  'among  them  acetic  acid.  As  our  Investigations 
have  shown,  the  fuchsones,  as  a  rule,  are  much  more  soluble  in  organic  solvents  than 
are  the  hydroxytriarylcarblnols.  In  each  individual  case,  the  solubility  relations- 
of  the  given  pair  of  these  substances  depend  both  on  their  structure  and  on  the 
character  of  the  solvent,  and  in  the  case  of  acetic  acid,  on  its  concentration. 

'upon  further  cooling  in  both  cuses  there  foratod  a  precipitate  of  the  colored  carblnol,  with  «.p.  153-155°, 
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Therefore,  the  lees  soluble  hldroxytrlaxylcarbinol  separates  out  in  the  precipitate 
from  acetic  acid  solution  containing  small,  but  variable  amounts  of  fuchsone,  amounts 
which  depend  on  the  concentration  of  the  acetic  acid.  This  gives  the  precipitated 
carblnol  a  color  of  different  degrees  of  intensity. 

It  appeared  that  upon  repeated' crystallization  from  acetic  acid  of  this  al¬ 
ready  very  pure  carblnol  we  might  expect  its  further  purification.  But  this  does 
not  and  cannot  take  place,  as  repeated  heating  with  acetic  acid,  due  to  the  opposing 
processes  already  mentioned,  again  forms  an  equilibrium  system,  from  which  there 
again  precipitates  a  carblnol  containing  an  admixture  of  fuchsone  in  the  concentra¬ 
tion  customary  for  the  given  concentration  of  acid.  Therefore,  upon  repeated  crys¬ 
tallization  of  the  hydroxytrlarylcarblnols  from  acetic  acid  of  a  given  concentration, 
there  is  obtained  a  mixture  with  a  composition  that  is  constant  with  regard  to  the 
corresponding  carblnol  and  fuchsone,  and  a  melting  point  constant  for  this  composi¬ 
tion;  this  has  resulted  in  the  assumption  tlmt  these  mixtures  are  chemical  Individ-- 
uals,  which  were  taken  by  Gomberg  and  his  coworkers  to  be  pure  * desmo tropes * . 

Of  all  the  questions  investigated  by  Gomberg  and  checked  by  us,  there  is  one 
to  which  we  cannot  give  a  clear  answer:  why  the  pure  colorless  hydroxytrlarylcarbin- 
ols  ore  more  stable  to  the  action  of  heat  in  a  Jet  of  air  than  the  colored  carbinols 
containing  an  admixture  of  fuchsone-  As  we  have  already  shown,  the  loss  in  weight 
during  this  action,  which  Gomberg  accepted  as  a  quantitative  criterion,  character¬ 
izing  the  conversion  of  the  carbinols  into  the  corresponding  fuchsones,  cannot  serve 
as  such  a  criterion;  it  is  related  not  so  much  to  the  dehydration  of  the  hydroxy¬ 
trlarylcarblnols,  apparently,  as  to  their  decomposition.  But  it  has  been  known  for. 
a  long  time  that  the  stability  of  a  substance  also  depends  on  the  degree  of  its 
purity;  it  is  very  probable  that  it  is  the  admixture  of  adsorbed  fuchsone,  which, 
as  a  quinone  derivative,  may  be  the  carrier  of  oxygen  in  oxidative  destructive 
processes,  and  result  in  the  loss  of  wei^t  that  Gomberg  observed  when  the  hydroxy- 
trinrylcarbinols  were  heated  in  a  current  of  air. 

On  the  basis  of  everything  said  above,  we  arrived  at  the  conclusion  that 
Gomberg' s  hypothesis  of '  desmotropism  of  the  hydroxytrlarylcarblnols  was  completely 
unfounded,  and  that  the  colored  modifications  of  the  hydroxytrlarylcarblnols,  ac¬ 
cepted  by  Gomberg  as  individual  ' desmo tr opes ' ,  were  in  fact  mixtures  of  the  color¬ 
less  hydroxytrlarylcarblnols  and  the  fuchsones  corresponding  to  them,  the  fuchsones 
giving  the  mixtures  their  color,  and  resulting  in  a  lowering  of  the  melting  point 
of  the  hydroxi'iiriarylcaTbinols, 

In  this  connection,  ws  faced  the  question:  is  it  impossible  to  separate  from 
such  mixtures  their  component  parts,  or  at  least  to  isolate  the  colorless  hydroxy- 
triarylcerbinols  fi-om  the  fuchsones  that  accompany  them*’  We  found  a  partial  ans¬ 
wer  to  this  question  in  the  literature,  among  other  places,  in  communications  of 
Gomberg  himself  Back  in  1915>  when  lie  was  only  beginning  his  investigations 

in  the  field  of  the  trlarylcarbinols,  Gomberg  noted  that  the  colored  4-hydroxytri- 
phenylcnrbinol  obtained  by  crystallization  from  aqueous  acetic  acid  in  the  form 
of  yellow'  crystals  with  m.p.  138-lj>9‘’;  and  accepted  by  him  as  has  already  been  in¬ 
dicated  as  an  individual  compound,  upon  further  crystallization  from  alcohol  grew 
gi'adually  lighter,  while  the  melting  point  of  the  substance  rose.  Thus,  after  two 
crystallizations  of  this  substance,  its  m.p.  reached  l42-l44®,  and  after  a  fourth 
crystallization,  as  high  as  I5O®  .  But,  being  captive  to  the  idea  he  had  advanced, 
Gomberg  could  not  correctly  evaluate  this  observation,  and  decided  that  the  light¬ 
ening  of  the  substance's  color,  as  well  as  the  rise  in  its  melting  point,  was  re¬ 
lated  to  the  slow  Isomerization  of  the  colored  ' desiaot;rope '  to  the  colorless  form 
upon  heating  in  alcoholic  solution. 

But,  having  suggested  this  explanation,  Gomberg  was  inconsistent,  as  both 
in  the  work  cited  and  in  further  investigations  he  invariably  suggested  the  Idea 
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that  upon  heating  It  welb  precisely  the  colorless  carblnol  ^ich  Isomerlzed  to  give 
the  colored ’deemotrope* . 

Our  Investigations  have  also  confirmed  the  facts  that  upon  heating  the  color!- 
less  hydroxytrlarylcarblnols  In  organic  solvents  the  solutions  obtained  gradually 
become  yellov,  and  that  the  Intensity  of  the  color  depends  on  the  character  of  the 
solvent.  But  the  cause  of  this  la  not  the  Isamerlzatlon  of  the  colorless  carblnol 
Into  a  colored  'desmotrope*^  but  the  partial  thermal  dehydration  of  the  carblnol  to 
produce  the  color  of  the  fuchsone.  Therefore^  upon  crystallization  of  the  colored 
hydroxytrlarylcarbinol  from  alcohol,  or  still  better,  from  benzene,  there  takes 
place  not  the  Isomerization  of  the  colorless  carblnol  Into  the  colored  ‘desmotrope' 
as  Gcmberg  supposed,  hut  as  Is  customary,  purification  during  the  crystallization 
of  the  substance.  In  this  case,  the  hydroxytrlarylcarbinol,  from  the  accompanying  * 
Impurities,  In  the  case  in  question,  from  fuchsone.  Gcmberg  might  easily  have  con.- 
f irmed  this  If  he'  had  paid  attention  to  the  fact  that  the  solution  'which  had  been 
filtered  fraa  the  precipitated  lighter -colored  crystals  had  an  intense  yellow  color. 

Ko-wever,  during  the  usual  crystallization  of  hydroxytrlarylcarblnols,  even 
from  neutral  organic  solvents.  It  is  extremely  difficult  to  obtain  a  completely 
colorless  product.  The  cause  of  this  lies  in  the  fact  that  upon  heating  of  the 
hydroxytrlarylcarhlnol  solutions  even  In  such  solvents  as  absolute  benzene,  there 
still  takes  place,  though  slowly,  the  dehydration  -of  the  carblnol  to  give  the  fuchs¬ 
one,  and  as  a  result,  the  coloring  by  the  latter  of  the  crystals  which  form.  Con¬ 
sequently,  In  order  to  avoid  this.  It  1b  necessary  to  carry  out  crystallization  in 
the  presence  of  agents  which  evoke  the  reverse  process  of  hydration  of  the  fuchsone^ 
In  particular  In  the  presence  of  arcsonla  or  pyridine,  as  Auvers  and  Schroetter  [.z], 
or  Gcmberg  [4]  recommend,  or  even  to  carry  out  the  crystallization  -without  accessory 
substances,  but  wi-th  the  ecvoldance  of  heating. 

Starting  from  these  considerations,  and  wishing  to  purify  4-hydroxytrlphenyl- 
carhlnol  as  much  as  possible  from  the  fuchsone  which  colored  it,,  ve  carried  out  the 
foULowlng  serls  of  experiments.  Using  O.OOO5  mole  samples  of  the  colored  4-hydroxy- 
triphenylcarhinol  obtained  by  crystallization  from  20,  and  60^  acetic  acid,  •with 
melting  points  129-132®,  159-1^0**^  respectively,  -we  digested  them  at 

room  tejnperature,  with  periodic  shaking,  for  a  day,  -with  10  ml  of  fsbsolute  benzene. 
During  this  process,  the  solid  substance,  at  first  yellow,  with  a  different  Intens¬ 
ity  of  color  for  each  case  of  crystallization,  yus  almost  cor^)letoly  decolorized} 
the  benzene  filtrates,  ho-wever,  'were  colored,  the  Intensity  of  color  being  compared 
colorlmetrlcally  with  the  standard  solution  obtained  -with  pure  fuchsone.  The  results 
thus  obtained  are  listed  in  T-ble  4- 

This  series  of  experiments 
showed  that  aimple  treatment  with 
.  benzene  could  to  a  considerable 
extent  wash  out  of  the  colored  4- 
hydroxytriphenylcarhinol  the  fuchs¬ 
one  impurity  which  caused  its 
color.  On  the  other  hand,  the  data 
of  Table  If  show  once  more  (cf. 

Table  2)  that  the  content  of  fuchs¬ 
one  in  the  carblnol  crystals  obtained 

by  crystallization  from,  acetic  acid  depends  on  "the  concentration  of  the  latter. 

The  If -hydroxytripheryl carblnol  could  be  obtained  almost  completely  colorless, 
starting  with  the  colored  product.  If  a  sraa3-l  qfiantity  of  the  latter  was  dissolved 
without  heating  In  a  large  amount  of  benzene,  and  the  solution  obtained  was  concen¬ 
trated  in  vacuum  without  heating.  The  carblnol  precipitates  almost  without  color, 
os  It  is  very  slightly  soluble  In  cold  benzene,  but  the  mother  llquour  remains 
colored  yellow. 


P^Jf 


Concentration 
of  acetic  acid 
used  for  crys¬ 
tallization,  ^ 

Melting 
point  of 
the  crys¬ 
tals 

Content  of  fuch¬ 
sone  in  benzene  . 
extract  (in  f) 

20 

129-132® 

2.;i 

IfO 

139-1^0 

0.5 

60 

133-13*^ 

0.3 
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The  4-hy(iroxy-3-methoxytrlpheny].carblnol  is  even  easier  to  purify  by  crystal¬ 
lization  from  benzene.  ' 

Finally,  we  decided  to  separate  the  hydroxyi^riarylcarblnols  from  the  fuchsones 
which  accompanied  them  in  the  colored  products  by  utilizing,  not  the  different  solu¬ 
bilities  of  these  substances  in  organic  compounds,  but  their  different  chemical  pro¬ 
perties,  in  particular,  their  behavior  with  bisulfite. 

As  we  have  already  indicated  E^],  fuchsones  react  with  bisulfite  to  give  the 
bisulfite  derivatives,  which  are  completely  soluble  in  water.  The  hydroxytr laryl- 
carbinols  do  not  react  with  bisulfite  provided  the  conditions  of  the  reaction  do 
not  result  in  their  preliminary  dehydration  to  fuchsones;  therefore,  on  the  basis 
of  the  experiments  described  above,  the  use  of  acetic  acid  as  solvent  was  completely 
excluded  from  the  reaction  of  hydroxytriarylcarbinols  with  bisulfite.  We  carried 
out  our  experiments  in  the  following  manner:  O.5  g  of  the  colored  hydroxytr laryl- 
carbinol  which  had  been  crystallized  from  acetic  acid  ^-^^hydroxytriphenylcarbinol 
or  5-niGthoxy-4-hydroxytriphenylcarbinol)  was  dissolved  in  10  ml  of  alcohol.  For 
purposes  of  control,  ve  at  the  same  time  dissolved  in  the  same  quantities  of  alco¬ 
hol  0.5  g  portions  of  the  corresponding  colorless  hydroxytriarylcarbinols  and 
fuchsones.  To  each  of  these  solutions  we  added  an  equal  volume  of  10^  bisulfite 
solution  which  had  been  preheated  to  80®.  The  mixtures  obtained  were  set  aside  for 
a  short  time,  until  they  were  completely  decolorized,  in  warm  water;  then  each  was 
poured  into  100  ml  of  water.  With  the  fuchsone,  we  obtained  completely  transparent 
and  colorless  solutions  (bisulfite  derivatives);  with  the  colorless  hydroxytriaryl¬ 
carbinols  we  obtained  on  the  other  hand  a  copious  white  residue  of  the  same  substance. 
Under  the  same  conditions,  with  the  colored  carbinols  under  investigation,  we  also 
obtained  a  colorless  carbinol  residue;  obviously,  the  fuchsone  which  accompanied 
the  latter  in  the  original  product  was  converted  into  the  bisulfite  derivative,  which 
went  into  solution. 

These  experiments  give  one  more,  and  as  it  seems  to  us,  the  most  incontrovert¬ 
ible  demonstration  of  the  fact  that  the  colored  hydroxytriarylcarbinols  are  not  in¬ 
dividual  compounds,  but  mixtures  of  the  colorless  true  triarylcarblnols  with  small 
quantities  of  the  fuchsones  structurally  related  to  them.  The  hypothesis  adveinced 
by  Bistrzhltsky  and  supported  and  developed  with  especial  persistency  by  Gomberg, 
that  hydroxytriarylcarbinols  exist  in  two  individually  separable  desmotropic  forms, 
the  colorless  and  the  colored,  is  Incorrect. 

SUJ!MARY 

Upon  critical  consideration  and  experimental  testing  of  the  arguments  advanced 
by  Gomberg  and  his  school  in  defense  of  the  desnotropism  of  4 -hydroxytr Iphenylcarb- 
inol  and  its  derivatives,  we  have  found  the  following. 

1.  The  loss  in  weight  of  the  hydroxytriarylcarbinols  upon  heating  cannot  be 

a  quantitative  criterion  determining  the  degree  of  transformation  of  these  substances 
into  the  corresponding  fuchsones,  despite  Gomberg* s  acceptance  of  it;  under  the  con¬ 
ditions  of  experiment,  not  only  does  dehydration  of  the  hydroxytriarylcorbinol  take 
place,  but  destructive  process  as  well.  Therefore,  a  comparison  of  the  loss  in 
weight  of  the  colorless  and  the  colored  modifications  of  hydroxytriarylcarbinols  can¬ 
not  be  utilized  as  an  incontrovertible  method  for  the  determination  of  their  struc¬ 
tures. 

2.  A  comparison  of  the  absorption  curves  of  the  colorless  and  the  colored  forms 
of  the  hydroxytriarylcarbinols  and  the  fuchsones  corresponding  to  them  gi.ves  no  sat¬ 
isfactory  basis  for  accepting  the  colored  modifications  as  individual  substances 

or  ' desmo tropes ’ ,  as  Gomberg  suggests. 

3«  During  the  crystallization  of  the  hydroxytriarylcarbinols  from  aqueous 
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acetic  acid,  two  mutually  opposed  processes  take  place  —'the  dehydration  of  the 
hydroxytrlarylcarhlnols  and  the  hydration  of  the  fuchsones;  at  equilibrium,  a  mix¬ 
ture  of  these  substances  Is  obtained  In  proportions  that  depend  on  the  concentra¬ 
tion  of  acetic  acid;  the  colored  hydroxytrlarylcarhlnols  that  precipitate  from 
these  solutions  are  distinguished;  by -the Iri  melting  points  and  the  intensity  of 
their  color,  and  contain  quantities  of  adsorbed  fuchsone  that  vary  In  dependence 
upon  the  concentration  of  acid,  and  detennine  the  color. 

4.  As  a  result  of  the  opposing  processes,  repeated  crystallization  from 
acetic  acid  of  definite  concentration  leads  to  the  Isolation  of  colored  hydroxytrl- 
arylcarblnols  with  constant  melting  point  and  Intensity  of  color;  this  gives  no 
ground,  however,  for  accepting  these  products  as  individual  substances. 

5.  Starting  with  the  colored  hydroxytrlarylcarhlnols,  we  can  almost  completely 
wash  out  the  fuchsone  Impurities  that  cause  the  color,  utilizing  the  better  solubil¬ 
ity  of  the  fuchsones  In  such  organic  solvents  as  alcohol  and  benzene. 

6.  From  the  colored  hydroxytriarylcarbinols  we  can  obtain  colorless,  pure 
compounds  by  removing  the  fuchsone  Impurities  In  the  form  of  their  bisulfite  deriv¬ 
atives. 

N 

On  the  basis  of  what  has  been  said  above,  we  can  draw  the  conclusion  that  the 
theory  of  the  desmotropism  of  the  hydroxytrlarylcarhlnols,  proposed  by  Bistrzhitsky 
and  consistently  supported  and  developed  by  Gomberg  and  his  school.  Is  incorrect; 
the  colored  modifications  of  the  hydroxytriarylcarbinols  accepted  by  Gomberg  as 
Individual  substances,  as  'desmotropes'  of  the  hydroxytriarylcarbinols,  are  actually 
mixtures  of  the  colorless  hydroxytrlarylcarhlnols  and  the  corresponding  fuchsones. 
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THE  TRANSFORMATION  OP  AND  p- ALKYLFURANIDINES 
INTO  THE  CORRESPONDING  a-  AND  P- ALKYLPYRROLIDINES. .  XXVI. 

Yu.  K.  Yuryev  and  I.  P.  Gragerov 


Academician  N.  D.  Zelinsky  Laboratory  of  Organic  Chemistry  of  the  M.  V. 

Lomonosov  State  University  of  Mpscow,  awarded  the  Order  of  Lenin. 

In  the  present  paper^  ve  have  considered  the  transformation  of  a-  and  p- 
alkylfui'anidinea  (tetrahydrofurans)  into  the  corresponding  a-  and  p-allqrlpyrroli- 
dines  "by  the  action  on  the  former  of  ammonia  in  the  presence  of  aluminum  oxide  at 
high  temperature: 

H  •  H 

R  =  “CHa^  “^409 

The  purpose  of  the  vork  vas  not  only  to  obtain  previously  undescrihed  a- 
and  p -alky  11  homo  logs  of  pyi*rolidlnej  hut  also  to  compare  the  diehavioi*  of  o-alkyl- 
and  p-olkylfufajiidines  in  this  reaction,  as  veil  as  to  clear  up  the  question  of 
the  Influence  of  the  size  of  the  alkyl  radical  of  the  side  chain  in  the  original 
fui*anldlnes  on  the  yield  of  final  products  of  the  reaction. 

The  experimental  data  obtained  in  the  present  work  are  given  in  the  table. 


Conparatlve  data  on  the  transformation  of  alkyl  homologs  of  furanidlne  (a- 
and  p-  series)  to  .the  corresponding  alkyl  homologo t of  pyrrolidine. 


Exnt, 
Noy  . 

Starting  Material 

Amoimt 
g  ■ 

t®  of 
reaction 

Reaction  products 

Yield 

C 

Yield, 
^  of 
theory 

1 

Furanidlne  [i]... . 

10 

Hog® 

Pyrrol  Idirp*.  . . 

4.6 

46.3 

2 

a->Iethylfursiiidine  [2] 

6 

i;00 

aylletliylpyrrolidlne 

1.6 

n-\J  m  J 

27 

3 

a, a*  -Dimethyl  fur  an- 

- 

a-a*  -Dime  thy  Ipyrrol- 

idine  [3].,,,..,...,, 

11 

400 

..  Mdlre. ......... 

1.9 

17.3 

k 

d-Ethylfuronldlne  [4 ] . . 

10.2 

400 

a-Ethylpyrrolidine . 

^  •x 

0.9 

9:0 

5 

c-Propylf uranidine . 

8,5 

550 

a-Propylpyrrolidlne 

0.8 

10.0 

6 

a-3utylfuranldlae . 

15.8 

550 

a-Butylpyrrolidlne . 

1.6 

10.0 

7 

p-Methylfuranidlne . 

5.0 

550 

P  ^.ethylpyrrolldine 

0.9 

30.0 

8 

P -Fthyifuranidlne . 

9.4 

550 

P -Ethylpyrr olidlne 

1.8 

19.0 

9 

P-lb'opylf  urenidine . 

9.6 

350 

P -Fropylpyrrolidlne 

1.5 

15.0 

10 

P -Butyl furanidlne . 

8.6 

350 

P  -Butylpjo-r  olidlne 

1.0 

12.0 

From  the  data  of  the  table  it  is  clear  that  the  yields  of  both  the  a-alkyl 
and  the  p-alkylpyrrolldlnes  decreased  with  an  increase  in  the  number  of  carbon  atoms 
in  the  side  chain  of  the  original  alkylfuranldines. 

With  regard  to  the  dependence  of  the  yields  of  the  alkylpyrrolldlnes  upon  the 
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position  of  the  side  chain  In  the  ring,  ve  must  observe  thdt  In  the  cases  here 
studied,  as  veil  as  In  those  previously  described,  of  the  production  of  <iialkyl- 
and  3-alkyl  thlophanes  [s],  the  ccsapounds  of  the  p-series  are  obtained  In  slightly 
better  yields  than  the  cosipounds  of  the  a-serles. 

EXPERIMSNTAJ, 

The  transformation  of  alkylfuranldines  into  the  corresponding  alkylpyrrolid- 
Ines  took  place  under  the  following  conditions:  the  alkylfuranldines  were  conducted 
with  a  velocity  of  6  to  7  drops  per  minute  In  a  strong  stream  of  annnonla  through  a 
tube  filled  with  aluminum  oxide  and  heated  to  550“*  ftesh^catalyst  was  reqiiired  for 
each  experiment.  The  catalyst  was  saturated  with  solid  potassium  hydroxide  and  ex-  . 
tracted  with  ether.  After  the  ether  extract  had  been  dried  over  molten  caustic 
potash,  the  ether  was  driven  off  (with  a  dephlegmator)  and  the  residue  fractionated. 

1 )  3 -Methylpyrr olldlne .  For  the  reaction  with  ammonia,  3  g  of  p-methylfuranld- 
Ine  was  used  (b.p~.  8^-Q6.5‘*  at  750  mmj  df®  0. 86595  1.4111  [o]).  Upon  distilla¬ 

tion  of  the  reaction  product,  the  temperature  quickly  rose  to  102®,  and  In  the  in¬ 
terval  from  102-112®  1  g  of  crude  p-methylpyrrolldlne  was  collected)  anllhsl’gni;flcaj||it 
residue -XLemalned  in  the  distilling  flask.  Upon  repeated  distillation  above  metallic 
sodium,  pure  3 -methylpyrr olldlne  was  obtained  (yield  O.9  g,  30^  of  the  theoretical) i 
This  had  the  following  constants: 

B.p.  102-103*  (72.7  mm))  d|°  O.8569)  n§°  1.4480;  KRd  26. 6i. 

C5H11N.  Calculated  26.69. 

Melting  point  of  the  plcrate  (after  recrystalllzatlon  from  alcohol)  106,5- 

107.5  •  5*942  mg  substance;  0.564  ml  Ng  (19* ^  755  mm). 

4.630  mg  substance;  O.66O  ml  Ng  (20®,  755  mm). 

Found  H  16.61,  16.50. 

C5H11N.  Calculated  N  I6.45. 

The  literature  gives  for  3 -methylpyrr olldlne;  Oldach  [7]:  b.p.  IO3-IO5*) 
df°  0.8654;  Melting  point  of  the  plcrate  (from  water)  IO5*)  Spath  and  Breusch  [s]: 
melting  point  of  the  plcrate  (from  alcohol)  IO6®, 

& -Bthyliryir oil dine .  For  the  reaction  with  ammonia  9*4  g  of  3-ethylfurani- 
dine  was  token  (b.p.  II5.5-II6.5*  at  748  mm;  df®  O.86OI  [Q]';  n^^  1.4204).  Upon  dis¬ 
tillation  of  the  product  of  reaction,  the  temperature  quickly  rose  to  127®;  in  the 
interval  from  127  to  137“ ^  3*5  g  of  the  crude  3-ethylpyrrolldine  came  over.  Upon 
repeated  distillation,  3-ethylpyrrolidine  came  over  at  I5I®  (747  mm).  Yield  1.8  g, 
19^  of  the  theoretical. 

B.p.  131*  (747  mm);  df^  0. 85795  ng°  1  4501;  MRjj  31.27 

CelliaN.  Calculated  MRjj  31  •31. 

Melting  point  of  the  picrate  (after  recrystallization  from  alcohol)  101-101.  5®. 

4.150  mg  substance:  O.5OI  ml  Ns  (18®,  755  mm). 

5.341  mg  substance:  0.648  ml  N2  (I8®  755  mm). 

Found  %  N  14.08,  l4.08. 

CaHiaN.  Calculated  N  14.13. 

P-Ethylpyrrolidine  is  not  described  in  the  literature. 

3)  P-Propylpyrrolidlne.  For  the  reaction  with  ammonia  9*6  g  of  p-propyl- 
furanidine  was  taken  (b.p.  l4l. 1-141.8  at  748  mm;  0.8555*  ng°  1.4222  [e]).  Upon 
distillation  of  the  product  of  reaction,  a  fraction  was  selected  with  b.p.  155“170“# 
and  after  repeated  fractionation,  p-propylpyrrolidine  was  isolated  from  it.  Yield 
1*5  g  (15^  of  the  theoretical): 
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B.p.  158”  (TSl*  ran);  (i|°  0.8559j  ng°  1.4521}  MBj,  35.77. 

C7H15N.  Calculated  Md  35i92. 

Molting  point  of  the  plcrate  (after  recrystallization  from  alcohol)  100.5-101®. 

4.578  nig  substance:  0.467  ml  N2  (20®,  75^  mm). 

5.624  ug  substance:  0.597  ml  Ng  (19* >  753  naa) . 

Found  N  12.53#  12. 50. 

C7H15N.  Calculated  N  12.58. 

The  literature  gives  for  p-propylpyrrolldine;  V.V.Longlnov  [9]:  b.p.  I58- 

160®  (746  mm)j  df®  O.845OJ  n^^  1.4469. 

4.  3-Butylpyrrolldlne.  '  For  the  reaction  with  ammonia,  8.6  g  of  P-butylfuran- 
Idlne  was  taken  (b.p.  I67.1-l6?.8® at  757  mm;  d|°  0.8612}  ng*^  1.4525  [e]).  Upon  dis¬ 
tillation  of  the  product  of  reaction,  a  fraction  was  collected  which  distilled  over 
at  from  16O  to  I85®.  We  did  not  succeed  in  isolating  p-butylpyrrolldine  in  pure 
form  by  repeated  distillation  of  this  fraction  because  of  contamination  with  a  small 
quantity  of  p-butylfuranidine  which  had  not  reacted.  Therefore,  the  pure  base  was 
isolated  in  the  following  manner:  the  fraction  with  a  wide  boiling  range  was  treated 
with  an  excess  of  hydrochloric  acid'(l:2).  The  solution  of  hydrochloride  of  the 
base  that  was  obtained  (after  extraction  of  impurities  with  ether)  was  evaporated 
to  dryness.  The  action  of  a  concentrated  solution  of  caustic  potash  on  the  dry 
hydrochloride  released  the  p-butylpyrrolidlne,  and  this  was  extracted  with  ether. 
After  the  ether  extract  had  been  dried  and  the  ether  driven  off,  the  p-butylpyrrol- 
idine  was  distilled.  It  came  over  at  179-179.2®  (729  mm).  Yield  1  g,  or  12^  of 
the  theoretical. 

d|°  0.8465;  ng°  1.4551;  MRp  40.62. 

C8H17N.  Calculated  MRj):  40.54. 

Melting  point  of  the  picrate  (after  recrystallization  from  benzene):  78-78.5*. 

5.778  mg  substance:  0.557  ml  Ns  (18®,  758  mm). 

4.895  mg  substance:  0.465  ml  N2  (19*#  755  mm). 

Found  N  11. 06,  11.01. 

CbHivN.  Calculated  $•.  N  11.01. 

3 -Butylpyrrolidine  is  not  described  in  the  literature. 

5»  g-Propylpyrrolidine .  For  the  reaction  with  ammonia,  8.5  g  of  a-propyl- 
furanidine  was  taken  (b.p.  152-155®  at  738  mm;  d|°  O.8547;  ng°  1.4257  [s]).  Upon 
distillation  of  the  product  of  reaction,  the  temperature  quickly  rose  to  150®,  and 
a  fraction  was  collected  in  the  range  from  15O-I7O®.  This  fraction  was  treated  in 
the  same  manner  as  the  fraction  in  the  preceding  experiment  to  give  a-propylpyrrol- 
idlne.  Yield  0.8  g,  10^  of  the  theoretical. 

B.p.  149-151®  (751  Em);  d^°  0.8259;  ngo  1.4489;  MRd  38-72. 

CyHi^N.  Calculated  MRq:  55*92. 

5.660  Mg  substance:  O.598  ml  N2  (16®,  754  mm). 

5.115  mg  substance:  O.55O  ml  N2  (17*#  75^  mm). 

Found  N  12.57,  12.45. 

C7H15N.  Calculated  N  12.58. 

The  literature  gives  for  a-propylpyi'rolldine:  Hess  [^o]:  b.p.  145-I5O''  (765 
mm);  Gabriel  [n]:  m.p.  of  the  picrate  104-104.5®. 

6.  g-Butylpyrrolidlne .  For  the  reaction  with  ammonia,  . I5. 8  g  of  g-butylfuran- 
idine  was  taken  (b.p.  l58-159°  at  75O  mm;  d|^  0.855J>;'  ng°  1.4287  [5]).  Upon  dis¬ 
tillation  of  the  product  of  reaction,  a  irractlim  was  collected  which  came  over  from 
150  to  180®.  As  a  result  of  the  treatment  of  this  fraction  in  the  same  way  as  in  the 
two  preceding  experiments,  a-butylpyrrolidine  was  obtained.  Yield  1.6  g,  or  10^  of 
the  theoretical. 
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B.p.  175.5-17^.5“  at  7^1  nm;  d|°  0.82775  ng°  1.4490}  MRj)  4l.22. 

CsHitN.  Calculated  MR]):  40.54. 

5.615  mg  substance:  0,540  ml  Na  (18*,  754  mm). 

5.600  mg  substeince;  0.540  ml  Na  (l8“>  755  mm). 

Found  N  10.95>  11.01, 

CsHi7N.  Calculated  N  11.01. 

The  literature  gives  for  a-butylpyrrolidlne:  Blaise  and  Cornillot  [12]; 
b.p,  67“  (18  mm);  m.p.  of  chloraurate  91“ 5  of  chloroplatlnate,  125“;  Hess  [la]: 
b.p.  154-156*  (755  mm);  m.p.  of  chloraurate  145®;  of  chloroplatlnate,  178*  (vlth 
decomp.);  G.P. Menshikov  and  E . S . Zhdanovich  [14];  b.p.  171-172*. 

SUMMARY 

1.  In  the  present  paper,  we  have  described  the  preparation  of  a  series  of  p- 
and  a-alkylpyrrolidlnes  by  the  reaction  of  the  corresponding  alkylfuranldlnes  (tetra- 
hydrofurans)' with  ammonia  in  the  presence  of  aluminum  oxide  at  350“*  In  this  manner 
we  have  synthesized:  p-methyl-,  p-ethyl-,  P -propyl-,  and  p-butylpyrrolldlnes,  as 
well  as  the  a-propyl-  and  a-butylpyrrolldlnes. 

2.  p-Alkylpyrrolldlnes  have  higher  boiling  points,  specific  gravities,  and 
indexes  of  light  refraction  that  their  isomeric  a-alkylpyrrolldines . 

3.  The  yields  of  both  a-  and  p-alkylpyrrolidines  decreased  with  an  increase 
in  the  number  of  carbon  atoms  in  the  side  chain  of  the  original  oxygen-containing 
heterocycles. 

4.  p-Alkylpyrrolldlnes  were  obtained  in  somewhat  better  yields  than  the  a- 
alkylpyrrolldlnes . 
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,  PHOTOREACnONS.-QP  I.ODOORGANIC  COMPOUNHS  , 

G.  Al..Ra2uvayev  an<iM.-.Al;  Shubenko  v 

:  Scientlf  Ic-Reaearoh.' lost  1  tttte  of  Chenistry  at  Gorki  State  ^niyaraity  *.  • 

There  are  Indicatlciis  .in’ the  literature  [  i-]  of .  the  .•fonnation  of.  radlceJifl  by 
the  removal  of  halogens  from  aryl  halides  iiy  means  'of  toeteilS.  As  a-  reault  of  the 
action  of  sodium  or  copper- In  ether  upon  the  halides,  the  formation  of  a  sni^l  quan-. 
tity  of  aromatic  hydrocarbons' taJies  “place  due  to  the  acquisition- by  the  radicals  of  • 
hydrogen’ from  the  solvent j  ‘Upon  heating  iodobenzene  In  . a- sealed  tube' .vith- ethyl  • 
benzoate,  ther.»  takes  place  a  reaction  of  amphoteric  substitution  'which  Is  character¬ 
istic  for  the  radicals,  vith  the  formation  of  the  2-  and  4-;phenylbenzoates. '  On  the| 
other  hand,  radicals  are  fonaed  during  the  photolysis  of  mercuro-organic  compounds 
[2].  It  appeared  of  interest  to  investigate  the  reaction  of  mercuro-organic  com¬ 
pounds  with  iodobenzene  or  other  lodo-organic  derivatives;  the  formation  of  two 
radicals  was  to  be  expected.  Thus,  in  benzene  solution,  dlphenyLnercury  and  iodo¬ 
benzene  react  according  to  the  equation: 


(C6H5)2ESg  +  CqHsI 


CeHsHgl  +  CeHs-CeHs 


Actually,  the  reaction  takes  place  In  a  more  complicated  manner  than  the -above,  overall 
equation  Indicates.  If  Instead  of  dlphenylmercury  we  take  ditolylmercury,'’we  may 
expect  the  formation  of  methyldlphenyl;  however,  at  the  end  of  the  reaction  we  find 
diphenyl  and  ditolyl.  The  reaction,  apparently,  takes  place  in  the  following  manner: 
at  first  the  formation  of  two  radicals  takes  place: 


ArsIIg  +  CeHsI  - ►  ArHgl  +  Ar  +  CoHs; 

these  do  not  react  Vith  the  benzene  solvent,  and  dlinerlze  to  give  Ar~Ar  and  diphenyl. 

The  photoreaction  in  solutions  of  alcohols  (methyl,  ethyl,  and  Isopropyl) 
takes  place  in  a  completely  different  manner.  Here  there  is  also  a  primary  process 
of  formation  of  radicals,  "which  then  react  with  the  alcohols,  removing  hydrogen  to 
form  benzene  or  toluene  from  diphenyl-  or  dltolylmercury  and  benzene  or  iodobenzene. 
Consequently,  in  this  case  too  the  radicals  react  entirely  as  in  other  photoreactions 
of  diphenyl-  and  ditolylmercury,  and  as  they  react  during  the  heating  of  their  alco¬ 
holic  solutions  at  high  temperature  [3]. 

In  general,  the  reaction  takes  place  according  to  the  mechanism: 

ArsHg  +  CeHsI  - -  ArHgl  +  Ar—  CeHs—  ; 

CqH5  +  Ar  -I-  CII3OH  ’>■  CqHq  -h  AtH  +  CH2O, 

where 

Ar  =  CqHs —  or  CH3C6H4~'» 

The  benzyl  radical  behaves  differently.  In  the  reactions  of  dibenzylmercury, 
it  always  dimerizes  to  give  dlbenzyl,  regardless  of 'the  solvent  [4].  it  appeared  of 
interest  to  elucidate  the  behavior  of  the  benzyl  radical,  which  must  appear  when 
iodobenzene  Is  replaced  hy  benzyl  iodide  or  benzyl  chloride  in  the  reactions  listed 
above . 

Actually,  in  this  case  too  the  benzyl  radical  dimerizes  to  give  dibenzyl.  The 
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reaction  in  alcoholic  solution  takes  place  In  a  manner  similar  to  that  Indicated 
above . 

In  benzene  solution,  diphenylmercury  and  benzyl  Iodide  form  phenylmercurlc 
Iodide,  diphenyl,  and  dibenzyl. 

Thus,  In  all  the  leactions,  the  radicals  obtained  from  lodo-organlc  compounds 
give  results  completely  analogous  to  those  previously  obtained. 

EXPERDffiHTAL 

The  Photoreactlon  of  Diphenylmercury  and  Todobenzene  In  Benzene 

There  vere  used  in  the  reaction:  2.0  g  of  diphenylmercury,  1.1  g  of  lodobenzene, 
and  20  ml  of  benzene.  Illumination  was  continued  for  60  hours.  The  reaction  was 
carried  out  in  a  quartz  test  tube.  The  white  precipitate  formed  was  filtered  off 
and  recrystallized  from  dichloroethane .  There  was  obtained  1.5  g  of  phenylmercurlc 
iodide  with  m.p.  276“,  without  depression  when  mixed  with  the  pure  substance  (70^ 
of  theory) .  The  benzene  was  distilled  away  from  the  filtrate,  and  the  residue 
distilled  with  steam  to  give  O.65  g  of  diphenyl  •  with  m.p.  y  a  mixed  test  gave  no 
depression.  After  the  steam  distillation  there  remained  0.4  g  (20^^)  of  diphenyl- 
mercury  with  m.p.  125®,  without  depression  when  mixed  with  the  pure  compound.  There¬ 
fore,  the  products  of  reaction  were  phenylmercurlc  iodide  and  diphenyl. 

The  Photoreactlon  of  p-Dltolylroercury  and  lodobenzene  in  Benzene 

A  solution  of  1.75  6  p-ditolylmercury,  O.9  g  of  lodobenzene,  and  20  ml  of 
benzene  was  illuminated  for  about  60  hours.  The  precipitate  of  p-tolylmer curie 
iodide  obtained  was  filtered  off  and  weighed.  The  weight  was  I.5  g. 

To  remove  unchanged  p-dltolylmercury,  the  precipitate  was  washed  with  hot 
xylene;  pure  p-ditolylmercury  then  remained,  in  an  amount  equal  to  1.4  g  (74^). 

After  recrystalllzntion  from  dichloroethane,  the  m.p.  was  218-219®.  The  benzene  was 
di'iven  off  from  the  filtrate;  there  remained  a  mixture  of  crystals  of  diphenyl  and 
ditolyl.  This  mixture  was  oxidized  wlthanjalkaline  solution  of  permanganate  and  the 
diphenyl  was  distilled  directly  from  the  sane  flask  with  steam  to  the  amount  of  0.2 
g.  M.p.  70“ ^  without  depression  when  mixed  with  the  pure  product..  The  oxidized 
solution  was  filtered  and  concentrated.  Hydrochloric  acid  was  added,  and  a  precip¬ 
itate  of  0.1  g  of  diphenyldlcarboxyllc  acid  was  formed.  This  decomposed  at  high 
temperature,  and  gave  diphenyl  upon  calcining  with  CaO.  The  diphenyl  which  had  dis¬ 
tilled  off  was  recrystallizedj  the  m.p.  was  70® ^  there  was  no  ^pression  upon 
mixing  with  the  pure  compound. 

Therefore,  the  reaction  gave:  p-tolylmercurlc  iodide,  diphenyl,  and  ditolyl. 

The  Photoreactlon  of  Dipherylmercury  and  lodcher.zene  in  Methyl  Alcohol 

A  solution  of  2.0  g  of  diphenyLmercury,  1.2  g  of  lodobenzene,  and  20  ml  of 
methyl  alcohol  was  illuminated  for  24  hours. 

There  was  obtained  I.9  g  of  phenylmercurlc  .'J-odide,  which  after  recrystalliza¬ 
tion  from  tetrachloroe thane  gave  m.p.  275® ^  with  no  depression  upon  mixing  with  the 
pure  substance.  The  alcoholic  solution  was  distllded,  and  the  first  portion  diluted 
with  water.  From  it  there  was  obtained  0.4  ml  of  benzene,  which  gave  m-dinitrobenz- 
ene  upon  nitration,  m.p.  91-92®. 

In  another  portion  formaldehyde  was  found  (qualitative  reaction  with  fuchsine- 
sulfurous  acid) .  The  residue  was  distilled  with  steam;  after  the  distillation,  there 
remained  0.2  g  of  phenylmercurlc  iodide.  There  was  obtained  a  total  of  2.1  g  (92.5^ 
of  theory)  of  phenylmercurlc  iodide.  Consequently,  the  products  of  reaction  were 
phenylmercurlc  iodide,  benzene,  and  formaldehyde. 
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The  Photoreactlon  of  Dlphenylmercury  and  lodoTaenzene  In  Ethyl  Alcohol* 

A  Bolutlon  of  2.0  g  of  dlphenylmercury,  1.6  g  of  lodohenzene)  and  50  ml  of 
ethyl  alcohol  was  Illuminated  about  24  hours.  There  was  obtained  1.6  g  (73^  of 
theory)  of  phenylmercuric  iodide  with  m.p.  272®  after  recrystalllzatlon  from  tetra- 
chloroethane.  The  alcoholic  solution  was  distilled,  and  from  the  first  portion, 
after  dilution  with  water,  benzene  was  Isolated.  This  was  nitrated  to  give  0.25  S 
of  n-dlnitrobenzene  with  m.p.  89®,  and  no  depression  of  the  m.p.  upon  mixing  with 
the  pure  product. 

Acetaldehyde  was  determined  in  a  second  portion  of  the  aqueous -alcoholic 
solution  (qualitative  reaction  to  give  silver  mirror,  and  reaction  with  fuchslne- 
Bulfurous  acid). 

Therefore,  the  products  of  the  reaction  were:  phenylmercuric  iodide,  benzene, 
and  acetaldehyde. 

The  Photoreactlon  of  Dlphenylmercury  and  lodobenzene  in  Isopropyl  Alcohol 

A  solution  of  1.0  g  of  dlphenylmercury,  2.7  g  of  lodobenzene,  and  10  ml  of 
Isopropylalcohol  was  illuminated  for  about  24  hours. 

There  was  obtained  from  the  react Ipn  1.1  g  of  phenylmercuric  iodide  (100^  of 
theory),  giving  m.p.  272®  after  recrystallization  from  tetrachloroe thane.  The  al-  ' 
coholic  solution  was  distilled,  and  the  first  portion,  after  dilution  with  water, 
gave  0.5  ml  of  benzene,  which  was  nitrated  to  give  m-dinltrobenzene  with  m.p.  89®, 
and  no  depression  upon  mixing  with  the  pure  compound. 

Acetone  was  determined  in  the  second  portion  of  the  alcoholic  solution  (qual¬ 
itative  reaction  with  nltroprusslde) .  The  products  of  reaction  were:  phenylmercuric 
iodide,  benzene,  and  acetone. 

The  Photoreactlon  of  o-Ditolylmercury  and  lodobenzene  in  Methyl  Alcohol 

A  solution  of  2  g  of  o-dltolylmercury,  1.2  g  of  lodobenzene,  and  20  ml  of 
methyl  alcohol  was  illuminated  about  60  hours.  The  precipitate  was  filtered  off. 

The  filtrate  was  distilled  on  the  ‘water  bath,  and  benzene  and  toluene  extracted 
from  the  distillate  with  ether. 

Formaldehyde  was  found  in  the  aqueous-alcoholic  solution  (qualitative  reaction 
to  give  silver  mirror,  and  reaction  with  resorcinol) [5 ] .  After  removal  of  the  ether, 
the  residue  was  oxidized  with  an  alkaline  solution  of  permanganate,  and  then  acidified 
and  steam  distilled.  Benzene  distilled  over  with  the  first  portion  of  water;  it  was 
extracted  with  carbon  tetrachloride  and  nitrated.  The^e  was  thus  obtained  0.2  g  of 
m-dlnltrobenzene  with  m.p.- 89® with ^no  depression  of  the  m.p.  when  mixed  with  the 
pure  product.  The  oxidized  solution  was  filtered  and  i^ydrochlorlc  acid  added  to 
the  filtrate;  benzoic  acid  precipitated,  with  m.p.  121-122®,  and  no  depression  of 
the  m.p.  in  a  mixed  test. 

After  the  steam  distillation,  there,  remained  in  the  condenser  and  in  the  flask 
a  residue  which  was  extracted  with  hot  acetone  to  give  ^0.25  g  (15^/^)  of  o-ditolyl- 
mercm-y  with  m.p.  105°,  with  no  depression  cn  mixing  with  the  pure  compound.  In 
the  same  residue,  a  small  amount  of  mercuric  iodide  was  observed. 

The  weight  of  the  o-tolylmercurlc  iodide  precipitate  obtained  upon  filtration 
was  1.55  S  of  theory);  as  this  compound  has  not  been  described  in  the  litera¬ 

ture,  it  was  analyzed  for  its  mercury  content. 

Analysis  for  mercury:  0.493  g  substance:  O.261  g  HgS. 

Found  Hg  45.6 

CyHyHgl.  Calculated  Hg  47.8. 

*  student  Z.  Ibncliinova  shared  this  part  of  the  work. 
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After  recrystalllzatlon  from  dlchloroethane  the  meltlr'g  point  was  found  to  he 
257®.  Therefore,  the  products  of  the  reaction  were:  o- tolylmercuric  iodide,  benzene, 
toluene,  and  formaldehyde. 

The  Photoreactton  of  Diphenylmercury  and  Benzyl  Iodide  in  Methyl  Alcohol 

There. were  taken  for  the  reaction:  2  g  of  dlphenylmercury,  1.2  g  of  benzyl 
iodide,  and  25  ml  of  methyl  alcohol.  The  illumination  was  continued  for  about  80 
hours. 

The  products  of  reaction  Included  a  precipitate  of  phenylmer curie  iodide, 
which  was  filtered  off  and  weighed;  the  weight  of  the  precipitate  was  2.1  g.  To  re¬ 
move  the  unreacted  dlphenylmercury,  the  precipitate  was  washed  with  acetone.  The 
weight  of  pure  phenylmercuric  iodide  was  1.9  S  theory).  After  recrystalll- 

zation  from  dlchloroethane,  the  m.p.  was  276®.  A  mixed  test  showed  no  lowering  of 
the  m.p.  After  removal  of  the  acetone,  O.17  g  of  unreacted  dlphenylmercury  with 
m.p.  124®  was  obtained. 

The  methyl  alcohol  was  distilled  off  from  the  filtrate,  diluted  with  water, 
and  treated  with  carbon  tetrachloridfe.  The  benzene  extracted  was  nitrated.  Nitra¬ 
tion  gave  0.56  g  of  m-dinitrobenzene  (45^  of  theory)  with  m.p.  87-88®.  A  mixed 
test  with  the  pure  product  gave  no  lowering. 

The  aqueous-alcoholic  solution  was  investigated  for  the  presence  of  formal¬ 
dehyde,  which  was  observed  by  the  qualitative  reactions  of  silver  mirror  formation, 
and  behavior  with  resorcinol,  and  was  determined  quantitatively  by  the  polarographic 
method. 

The  polarographic  determination  of  formaldehyde  was  carried  out  with  0.1  N 
NaOH;  it  had  a  reducing  action  with  half-wave  potentlaJ.  =  1*1  volt  with  respect  to 
the  saturated  calomel  electrode.  The  formaldehyde  content  of  the  products  of  decom¬ 
position  appeared  equal  to  O.O5  g.  The  precipitate  obtained  after  driving  off  the 
methyl  alcohol  was  distilled  with  steam;  it  gave  O.38  g  (95?'  of  theory)  of  dibenzyl, 
with  m.p.  52®,  and  no  lowering  of  the  m.p.  upon  mixing  with  the  pure  substance,  and 
0.05  g  of  dlphenylmercury.  A  total  of  0.22  g  of  dlphenylmercury,  or  11?>,  did  not 
enter  into  reaction.  Therefore,  the  products  of  photolysis  were:  phenylmercuric 
iodide,  benzene,  dibenzyl,  and  formaldehyde. 

The  Photoreaction  of  Diphenylinercury  and  Benzyl  Chloride  in  Methyl  Alcohol 

A  solution  of  2  g  of  dlphenylmercury,  0.7  g  of  benzylchloride,  and  25  ml  of 
methyl  alcohol  was  illuminated  for  about  80  hours. 

The  reaction  gave  a  precipitate  of  crude  phenylmercuric  chloride,  whose  weight 
was  1.7  g.  After  removal  of  the  unreacted  dlphenylmercury  with  acetone,  1.4  g  (845f») 
of  phenylmercuric  chloride  was  obtained;  after  recrystalllzatlon  from  dlchloroethane 
this  had  m.p.  257** ^  with  no  lowering  of  the  m.p.  upon  mixing  with  the  pure  compound. 
After  removal  of  the  acetone  by  distillation,  O.25  g  of  dlphenylmercury  was  obtained 
with  m.p.  125-124®.  The  methyl  alcohol  was  driven  off  from  the  filtrate,  diluted 
with  water,  and  benzene  extracted  from  it  with  carbon  tetrachloride;  the  benzene 
was  nitrated  to  give  0.25  g  (31^  of  theory)  of  m-dlnitrobenzene  with  m.p.  88®,  and 
no  lowering  of  the  m.p.  in  a  mixed  test. 

The  aqueous-alcoholic  solution  was, investigated  for  formaldehyde,  which  was  de¬ 
tected  by  silver  mirror  formation,  and  determined  quantitatively  by  the  polarographic 
method.  The  polarographic  determination  of  formaldehyde  was  made  with  0.1  N  NaOH,  . 
where  it  had  a  reducing  action  with  half-wave  potential  =  1.1  volt' with  respect 
to  a  satxirated  calomel  electrode.  G?he  formaldehyde  content  in  the  products  of  reac¬ 
tion  jippeared  equal  to  0.045  g*  From  the  precipitate  obtained  after  removal  of  the 
methyl  alcohol  and  distinction  with  steam,  0.2  g  (50?)  of  theory)  of  dlbenzyl  was 
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obtained,,  with  m.p.  52®,  and  no  lowering  upon  mixing  with  the  pure  product.  In  the 
residue  there  was  found  C.O7  g  6f  diphenylmercury.  A  total  of  0.32  g  (16^)  of  di- 
phenylmcrcury  was  recovered  after  the  experiment.  Therefore,  the  products  of  this 
photoreaction  were:  phenylmer curie  chloride,  benzene,  dibenzyl,  and  formaldehyde. 

The  Photoreaction  of  o-Dltolylmercury  and  Benzyl  Iodide  in  Methyl  Alcohol 

A  solution  of  2  g  of  o-ditolylmercury‘^  1.1  g  of  benzyl  iodide,  and  20  ml  of 
methyl  alcohol  was  illuminated  about  60  hours.  The  precipitate  of  crude  o-tolylmerc- 
uric  iodide  obtained  (I.9  g)  was  washed  with  hot  acetone  to  remove  the  unreacted  o- 
dltolylmercury.  The  quantity  of  the  latter  was  O.I5  g  (7%),  and  in  the  residue,  1.75 
g  (85^  of  theory)  of  pure -o-tolylmer curie  iodide  was  obtained,  with  m.p.  257®. 

The  methyl  alcohol  was  carefully  distilled  from  the  .'filtrate  5  0.5  g  of  toluene 
came  over  with  it,  and  was  further  oxidized  to  benzoic  acid.’ 

From  the  residue,  steam  distillation  gave  C.21  g  of  dlbenzyl  with  m.p.  52®, 
and  no  m.p.  depression  upon  mixing  with  the  pure  compound.  Therefore,  the  products 
of  the  reaction  were:  o-tolylmercuric  iodide,  toluene,  and  dlbenzyl. 

The  Photoreaction  of  Diphenyl  and  Benzyl  Iodide  in  Benzene 

A  solution  of  2  g  of  diphenylmercury,  1.2  g  of  benzyl  iodide,  and  20  ml  of 
benzene  was  illuminated  for  about  80  hours. 

The  precipitate  of  phenylmercuric  iodide  obtained  was  filtered  off  and  washed 
with  acetone  until  it  was  free  of  imreacted  diphenylmercury.  The  weight  of  the 
phenylmercuric  iodide  equaled  1.64  g  (70‘)l>  of  theory),  after  recrystallization  from 
dichloroethane .  The  m.p.  was  274®,  with  no  depression  upon  mixing  with  "the^  pure 
compound.  From  the  acetone  solution,  O.16  g  of  diphenylmercury  crystallized  out, 
with  m.p.  123®. 

The  benzene  was  driven  off  from  the  filtrate,  and  the  residue  steam-distilled. 
After  the  steam-distillation,  there  remained  O.3  g  of  diphenylmercury.  A  total  of 
0.46  g  (2350)  of  diphenylmercury  was  recovered  after  the  experiment.  Distillation 
gave  crystals  with  m.p.  44®,  which  represented  a  mixture  of  diphenyl  and  dibenzyl. 
These  crystals  were  oxidized  with  an~ alkaline  solution  of  permanganate.  The  reac¬ 
tion  mixture  was  steam  distilled  to  separate  the  diphenyl j  the  amount  was  0.2  g, 
the  m.p.  70“ ^  with  no  depression  upon  mixing  with  the  pure  compound.  After  distil¬ 
lation  of  the  diphenyl,  the  oxidized  solution  was  filtered  and  concentrated;  hydro¬ 
chloric  acid  precipitated  from  it  benzoic  acid  with  m.p.  121-122®. 

Therefore,  the  reaction  products  were:  phenylmercuric  iodide,  diphenyl,  and 
dibenzyl . 

SUMMARY 

1.  Diphenylmercury  and  iodobenzene  in  benzene  solution,  upon  illumination  with 
ultraviolet  light,  react  to  give  phenylmercuric  iodide  and  diphenyl.  The  same  sub¬ 
stances  in  alcoholic  solutions  give  phenylmercuric  iodide,  benzene,  and  the  dehydro¬ 
genation  product  of  the  alcohol  —  aldehyde  or  ketone. 

2.  The  photoreaction  of  ditolylmcrcury  and  iodobenzene  in  benzene  solution 
gives  tolylmercuric  iodide,  diphenyl,  and  ditolyl.  In  methyl  alcohol  solution,  the 
same  substances  give  tolylmercuric  iodide,  benzene,  toluene,  and  formaldehyde. 

3.  Diphenylmercury  and  benzyl  iodide  in  benzene  also  give  phenylmercuric 
chloride,  dibenzyl,  and  diphenyl. 

4.  In  methyl  alcohol,  diphenylmercury  and  benzyl  chloride  or  iodide  give 
the  phenylmercuric  halide,  dibenzyl,  benzene,  and  formaldehyde. 
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5«  A  mechanism  for  the  photoreactlon  of  diary Imercury  and  lodl,ne  derivatives 
has  heen  proposed. 
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THE  PHOTOREACTIONS  OF  MET ALLO- ORGANIC  COMPOUNDS  OF  MERCURY 

IN  SOLUTION 


IV. ;  PHOTOREACTIONS  OF  0-DITOLYLMERCURY 


G. .  Razuvayev  and  Yu. .  Oldekop 

Gorki  State  Unlveralty,  Departaent  of  rrganic  Chenistry 

In  previous  conmunications  [i],  we  have  investigated  the  photoreactions  of 
diphenyl-  and  dihenzylmercury  in  various  organic  solvents.  In  the  present  work, 
we  have  made  a  study  of  the  photoreaction  of  o-ditolylmercury  in  methanol,  the  mono- 
methyl  ether  of  ethylene  glycol,  ethyl  formate,  1,2-dichloroethane,  chloroform,  and 
carbon  tetrachloride. 

As  a  rule,  the  photoreactions  of  o-ditolylmercury  are  concluded  more  rapidly 
than  those  of  dlpheuyliuercury.  The  photoreaction  of  o-ditolylmercury  in  methyl  al¬ 
cohol  takes  place  quantitatively  with  the  formation  of  toluene,  mercury,  and  formal¬ 
dehyde,  according  to  the  equation; 

(cn3C6H4)2Hg  +  CII3OH  ■  PCeHsCHa  +  Eg  +  CH2O. 

In  monoethyl  ether  of  ethylene  glycol  and  in  ethyl  formate,  the  photoreac¬ 
tion  also  proceeds  very  smoothly,  with  the  formation  of  toluene,  mercury,  and 
aldehyde.  For  example,  for  the  nomoethyl  ether  of  ethylene  glycol,  we  may  write  the 
reaction  in  this  way: 

HOCH2CH2OC2H5  +  (CE3CeH4)2Hg  _ y 

PCHaCeHs  -f  Hg  +  PCHaC^ 

H 

The  reactions  of  o-ditolylmercury  in  chloroorganic  solvents  also  take  place 
much  more  rapidly  than  those  of  diphenylmercury. 

In  chloroform  and  1,2-dlchloroetha.ne,  o-tolylmercuric  chloride  and  toluene 
are  formed. 

With  chloroform,  for  example,  ve  may  write  the  reaction  as  follows; 

(CH3C6^l4)2Hg  +  2CECI3  ^  CeHsCHa  +  CHsCQHUHgCl  + 

+  •  CCI3  +  (*(^012) 

2  •  CCI3  -V  CI3C  -  CCI3. 

In  addition,  a  small  quantity  of  mercury  separates  (not  so  small,  however,  as 
in  the  case  of  diphenylmercury) . 

In  carbon  tetrachloride,  o-tolylmer curie  chloride  and  o-chlorotoluene  are 
formed: 

(CH3CQn4)2Hg  +  2CCI4  — -1-  CH3C6H4CI  +  Cn3C6H4HgCl  +  2-CC13 
2-CC13  CI3C  -  CCI3. 

In  carbon  tetrachloride  and  in  chloroform,  hexachloroethane  Is  always  formed. 

We  must  assume  that  the  photoreaction  of  o-ditolylmercury  takes  place  similarly 
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to  that  of  diphenylmercury,  l.e. ,  that  there  takes  place  a'  preliminary  dissociation 
of  the  o-dltolylmercury: 

(CH3CeH4)2Hg  ■■— >•  CH3CeH4*  +  CH3CeH4Hg* 

As  Is  obvious  from  the  reactions  given,  the  o-tolyl  radical  reacts  with  sol¬ 
vents  exactly  the  way  the  phenyl  radical  does. 

EXPERIMENTAL  * 
o-Dltolylmercury  In  Methanol 

2  g  of  D-dlto]^lmercury  In  10  ml  of  methyl  alcohol  was  Illuminated  for  30  hours. 
1.03  g  of  mercury  (quantitative  yield)  separated  out, but  the  color  of  the  solution 
did  not  change.  The  alcohol  was  driven  off,  the  distillate  was  diluted  with  water, 
and  the  insoluble  part  was  nitrated  in  a  solution  of  carbon  tetrachloride.  The  nitro¬ 
compound  appeared  to  be  2,4-dinltrotoluene,  with  m.p.  70®  (after  recrystallization 
from  alcohol);  there  was  no  lowering  of  the  m.p.  upon  mixing  with  the  pure  compound. 

The  alcoholic  solution  had  a  sharp  formaldehyde . odor ,  and  gave  the  reactions 
for  aldehydes  (fuchsine -sulfur ous  acid,  silver  mirror). 

o-Dltolylmercury  and  the  Monoethyl  Ether  of  Ethylene  Glycol 

1  g  of  o-dltolylmercury  in  15  nl  of  the  monoethyl  ether  of  ethylene  glycol  was 
illuminated  for  l8  hours.  The  solution  acquired  the  color  of  tea.  The  mercury  filt¬ 
ered  off  weighed  O.52  g  (quantitative  yield).  The  filtrate  was  distilled,  and  the 
distillate  diluted  with  water;  the  insoluble  part  of  O.5  ml  was  nitrated.  The  nitro 
product  melted  at  70*  (after  recrystallization  from  alcohol),  and  gave  no  m.p.  lower¬ 
ing  with  pure  2,4-dinitrotoluene.  The  aqueous  solution  of  the  monoethyl  ether  of 
ethylene  glycol  had  a  sharp  odor  (acetaldehyde)  and  gave  aldehyde  reactions  (mirror). 

o-Dltolylmercury  and  Ethyl  Formate 

1.46  g  of  o-dltolylmercury  in  10  ml  of  ethyl  formate  was  illuminated  for  I8 
hours.  The  solution  acquired  a  pale  yellow  color.  A  quantitative  yield  of  0.75  8 
of  mercury  was  obtained.  The  mercury  was  filtered  off,  and  the  solution  diluted  with 
water;  the  insoluble  part,  amounting  to  O.5  ml,  was  nitrated.  The  nitro  compound 
appeared  to  be  2,4-dinitrotoluene,  with  m.p.  70*  (from  alcohol);  it  gave  no  lowering 
of  the  melting  point  upon  mixing  with  the  pure  compound. 

The  aqueous  solution  of  ethyl  formate  gave  the  reactions  for  aldehyde  (mirror). 


o-Dltolylmercury  and  1 ,2-Dichloroethane 

1  g  of  o-ditolylmercury  in  I5  ml  of  1,2-dichloroe thane  was  illuminated  for  12 
hours.  After  only  a  half  hour,  the  separation  of  mercury  was  noted.  At  the  end  of 
the  reaction,  the  precipitate  was  filtered  off  and  washed  with  hot  dichloroethane. 

The  mercury  amounted  to  O.36  g  (69^  of  the  theoretical). 

The  filtrate  was  distilled  with  steam.  No  unsaturated  compounds  were  observed 
(bromine  water). 

The  distillate  was  separated  from  water  and  nitrated;  the  weight  of  nitro  com¬ 
pound  was  0.5  g.,  its  m.p.  70®)  there  was  no  lowering  of  the  m.p.  upon  mixing  with 
pure  2, 4-dlnitro compound.  The  residue  from  the  distillation  with  steam  was  recrystal¬ 
lized  from  acetone;!  it  weighed  0.27  8  (31^  of  the  theoretical),  m.p.  l4l-l42*,  and 
gave  no  m.p.  depression  when  mixed  with  pure  o-tolylmer curie  chloride. 

o-Ditolylmercury  and  Chloroform 

^  2  g  of  o-ditolylmercury  in  10  ml  of  chloroform  was  illuminated  for  I5  hours, 
’student  Vorobyeva  took  part  In  the  experimental  work. 


The  solution  acquired  a  brown  color.  The  precipitate  was  filtered  off  and 
washed  with  acetone,  leaving  0.'6l  g  of  mercury  (59^  of  the  theoretical).  From  the 
acetone  solution,  0.11  g  of  o-tolylmer curie  chloride  was  obtained,  m.p.  l46® ,  no 
lowering  of  the  m.p.  when  mixed  with  the  pure  compound..  The  filtrate  was  steam  dis¬ 
tilled)  hexachloroethane  was  observed,  with  m.p.  l86®,  and  no  lowering  of  the  m.p. 
upon  mixing  with  the  pure  compound.  The  residue  after  distillation  with  steam  was 
fractionally  crystallized  from  acetone  and  alcohol  to  give  O.25  g  of  o-ditolylmercury 
(12.5^  of  the  amount  taken),  with  m.p.  IO7®,  no  depression  of  the  m.p.  upon  mixing 
with  the  pure  compound;  the  recrystallization  also  gave  o-tolylmer curie  chloride, 

0.18  gj  thus  a  total  of  0.29  g  of  o-tolylmer curie  chloride  was  obtained  of  the 

theoretical) . 

After  the  steam  distillation,  the  distillate  was  fractionated,  and  the  residue 
nitrated.  The  nitro  compound  appeared  to  be  2,4-dinltrotoluene,  with  m.p.  70®,  and 
gave  no  lowering  of  the  melting  point  upon  mixing  with  the  pure  compound. 

o-^-Ditolylmercury  and  Carbon  Tetrachloride 

2  g  of  o-ditolylmercury  in  I5  ml  of  carbon  tetrachloride  was  illuminated  for 
10  hours.  .  The  solution  turned  yellow.  The  precipitate  was  filtered  off  and  recry¬ 
stallized  from  alcohol;  it  had  m.p.  l46®,  the  latter  not  being  lowered  when  mixed 
with  pure  o-tolylmercuric  chloride,  and  weighed  1.55  g  (79^  of  the  theoretical). 

The  filtrate  was  distilled  with  steam.  Hexachloroethane  crystallized  out  in  the 
condenser.  It  had  m.p.  l86“  in  a  sealed  capillary;  the  m.p.  was  not  depressed  in  a 
mixture  with  the  pure  compound. 

The  hexachloroethane  was  purified  before  the  test  by  sublimation  above  sulf¬ 
uric  acid. 

After  the  distillation  with  steam,  0.55  g  (17*5‘)^>  of  the  amount  taken)  of  unre¬ 
acted  o-dltolylmercury  was  found  in  the  residue;  m.p.  107®  (after  recrystallization 
from  acetone).  Mixing  with  the  pure  substance  gave  no  lowering. 

The  distillate  was  distilled  on  the  water  bath,  leaving  a  colorless  liquid  in 
the  residue.  This  was  oxidized  with  an  alkaline  solution  of  permanganate  to  give 
o-chlorobenzoic  acid  with  m.p.  l40*  (after  recrystallization  from  hot  water). 

SUM?-1ARY 

1.  A  solution  of  o-ditolylmercury  in  carbon  tetrachloride  gives,  upon  illumin¬ 
ation  with  ultraviolet  light,  o-tolylmercuric  chloride,  o-chlorotoluene,  and  hexa¬ 
chloroethane  . 

2.  A  solution  of  o-ditolylmercury  in  chloroform  gives,  upon  illumination, 
mercury,  o-tolylmercuric  chloride,  toluene,  and  hexachloroethane. 

5.  o-Ditolylmercury  in  1,2-dichloroe thane  gives  o-tolylmercuric  chloride, 
merc\iry,  and  tolbene. 

4,  In  solvents  that  did  not  contain  halogen  (methanol,  the  monoethyl  ether  of 
ethylene  glycol,  and  ethyl  formate),  photolysis  of  o-ditolylmercury  always  gave  tolu¬ 
ene,  a  quantitative  yield  of  mercury,  and  aldehyde. 

5.  The  tolyl  radical  obtained  by  photolysis  of  o-ditolylmercury  reacts  like 
the  phenyl  radical;  however,  the  reaction  takes  place  more  rapidly,  and  with  much 
greater  separation  of  metallic  mercury  in  chloroform  and  chlcroethane . 
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THE  SULFONATION  AND  THE  SULFONIC  ACIDS  OP  ACIDOPHOBIC  COMPOUNDS 


X. :  THE  SULFONATION  OP  ot-ACETYLPURAN 
A. .  P. .  Terentyev,  •  A. .  A. .  Kazitsyna  and  A. .  M. .  Turovskaya 

Organic  chemistry  Laboratory  of  the  Moscov  State  nalTersity 

In  our  previous  works  we  have  made  a  fundamental  study  of  the  action  of  pyrid¬ 
ine  -sulfotrioxide  upon  furan  and  its  homologos  [i],  and  only  to  a  slight  degree  to 
touched  on  the  sulfonation  of  furan  derivatives.  Thus,  we  attempted  to  sulfonate 
the  methyl  ether  of  furyl  alcohol,  furfural,  and  pyromucic.acid  [i]. 

The  methyl  ether  of  furyl  alcohol  tarred  both  under  the  direct  action  of  pyrid¬ 
ine  -sulfotrioxide  as  well  as  in  solvents  (benzene,  ether,  dichloroethane ) .  Furfural 
as  a  whole  did  not  react,  and  after  10  hours  of  heating  with  pyridlne-sulfotrioxlde- 
at  100*  was  recovered  almost  unchanged.  Pyromucic  acid  reacted  with  pyridine -sulfo¬ 
trioxide  at  a  temperature  of  lUO®  with  the  loss  of  its  carboxy  group  and  the  forma¬ 
tion  of  furanmono sulfonic  acid. 

Uj)  to  the  present,  the  sulfo  derivatives  of  ketones  of  the  furan  series  have 
not  been  described.  We  set  out  to  study  the  sulfonation  reaction  of  acetylfuran  in' 
order  to  confirm  the  rules  stated  by  Rinkes  about  orientation  in  the  furan  series.  - 
By  analogy  with  pyromucic  acid  [2]  and  acetylpyrrole  [3],  we  could  assume  that  its 
sulfonation  could  take  place  by  the  action  of  sulfuric  acid  or  sulfuric  anhydride. 

Our  experiments  showed  that  under  the  action  of  sulfuric  acid  and  sulfuric  an¬ 
hydride  in  dichloroethane,  considerable  blackening  of  the  compound  took  place.  After 
treatment  of  the  sulfonated  mass  with  a  suspension  of  barium  carbonate,  it  was  im¬ 
possible  to  Isolate  any  considerable  quantities  of  sulfonic  acids.  The  siilfonation 
of  acetylfuran  with  pyrldln^-sulfotrioxide  proceeded  under  much  more  severe  conditions 
than  the  usual  sulfonation  of  furan  compounds. 

In  order  to  make  acetylfuran  react,  it  was  necessary  to  heat  it  at  a  tempera¬ 
ture  of  lUO®  for  10  hours  (usually,  the  sulfonation  of  furan  and  its  hoaologs  takes 
place  almost  quantitatively  at  100®).  But  even  under  these  conditions,  acetylfuran 
does  not  react  completely,  and  is  partially  recovered  unchanged.  An  excess  of  pyrid- 
ine-sulfotrioxide  and  the  use  of  solvents  did  not  Increase  the  yield  of  sulfonated 
derivative.  The  yield  of  sulfoacetylfuran,  calculated  on  the  basis  of  all  the  acetyl¬ 
furan  used,  reached  5^^*  Part  of  the  acetylfuran  being  sulfonated  was  recovered  un¬ 
changed,  and  calculating  on  the  basis  of  the  furan  that  reacted,  the  yield  of  sulfo¬ 
acetylfuran  reached  82.5^'.  Analysis  of  the  sulfonated  derivative  corresponded  to 
monosulfoacetylfuran. 

In  investigating  the  products  of  sulfonation,  we  d'id  not  note  even  traces  of 
the  disulfonic  acid. 

In  the  nitration  of  acetylfuran,  the  loss  of  the  acetyl  group  has  been  noted, 
and  the  formation  of  nitrofuran  along  with  the  nitroacetylfuraan  [4].  A  similar  pro¬ 
cess  takes  place  in  the  nitration  of  pyromucic  acid  [s]. 

In  investigating  the  action  of  pyridlne-sulfotrioxlde  on  pyroniucic  acid,  we 
observed  that  in  this  case,  only  substitution  of  the  carboxyl  group  took  place. 

On  the  basis  of  all  this,  we  have  suggested  that  in  the  sulfonation  of  acetyl- 
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furan,  the  loss  of  the  acetyl  group  may  take  place,  even  though  only  partially,  and 
the  formation  of  furan  sulfonic  acid.  But  in  the  investigation  of  the  products  of 
Bulfonatlon  we  observed  no  furan  sulfonic  acid.  Tlie  solution  of  the  barium  salt  ob¬ 
tained  by  treatment  with  barium  carbonate  did  not  form  the  precipitate  characteristic 
of  furan  sulfonic  acid  with  S-benzylthi\irone  chloride. 

Upon  careful  fractionation  of  the  barium  salt  first  obtained,  it  was  Impossible 
to  isolate  any  furan  sulfonic  acid. 

The  positions  of  the  sulfo  groups  were  determined  by  the  oxidation  of  the  bar¬ 
ium  salt  of  sulfoacetylfureji  with  bromine  water  and  chromate  mixture.  Even  in  the 
cold,  bromine  water  caused  the  formation  of  a  precipitate  of  barium  sulfate.  In 
view  of  the  fact  that  the  p-sulfonic  acid  group,  jis..  Hill  ajid  we  ourselves  have  shown, 
[1,2],  is  stable  to  oxidants,  the  formation  of  barium  sulfate  in  the  oxidation  is  a 
demonstration  of  the  a-positlpn  of  the  sulfonic  acid  group. 

The  formation  of  the  ^-isomer  during  the  sulfonation  cf  acetylfuran  (by  analogy 
with  acetylpyrrole  [a])  is  improbable  beca\ise  of  the  orientation  rules  of  the  furan 
nucleus,  as  deduced  by  Rinkes  [v].  As  a  result  of  detailed  investigations  of  substi¬ 
tution  reactions  in  the  furan  series,  Rinkes  considered  that  the  formation  of  the 
P -isomer  did  not  take  place  while  the  a-position  was  free.  Despite  this,  ve  attempted 
to  detect  the  p -isomer.  For  this  purpose,  we  carried  out  the  oxidation  of  the  sulfo- 
acetyl  furan  with  chromate  mixture.  Among  the  products  of  oxidation,  we  did  not 
succeed  in  detecting  the  presence  of  the  sulfonic  acid  even  qualitatively.  This  con¬ 
firms  the  absence  of  any  noticeable  amounts  of  p-isomer. 


EXPERIMENTAL 

a-Acetylfuran  was  obtained  by  the  method  of  Goldfarb  and  Smorgonsky  [s],  by 
the  action  of  acetic -anhydride  upon  furan  in  benzene,  in  the  presence  of  stannic 
chdlorlde:  29.5®;  ng°  I.5OI2. 

Literature  gives:' m.p.  29*  [e]  )  I.5OIT  [®]* 


The  Sulfonation  of  Acetylfuran 

The  sulfonation  of  acetyl  furan  was  carried  out  by  heating  in  sealed  ampoules 
at  a  temperature  of  l40®  for  10  to  12  hours.  The  sulfonated  mass,  a  thick  dark-brown 
oil,  was  treated  with  a  suspension  of  barium  carbonate  and  heated  on  a  water  bath 
(20  to  50  minutes).  The  hot  solution  was  filtered  through  a  Buchner  funnel  to  remove 
bariiim  sulfate  and  excess  barium  carbonate,  and  the  precipitate  washed  with  hot  water. 
The  filtrate  was  concentrated  till  crystals  beg, -in  to  form,  and  the  barium  salt  of 
acetylfuransulfonic  acid  was  precipitated  with  alcohol.  2  g  of  acetylfuran  and  5*9  8 
O.:2)of  pyi'idine-sulfotrioxide  gave  2.5  g  of  the  barium  salt  of  acetylfuransulfonic 
acid.  Yield  53»5^»  calculated  on  the  'total  amount  cf  acetylfuransulfonic  used  in  the 
reaction.^,  2  ^  of,  acetylfuran  .and  0.5  g  of  pyridine -sulfo brioxide  (1:5)  gave  2.4  g 

of  the  barium  salt  of  acetylfuransulfonic  acid.  Yield-  51*5% 

2  g  o  f  acetylfuran,  p.og  of  pyridine-suXfo  trioxide,  and  10  ml  of  di- 

chloroethane  were  heated  in  an  ampoule  at  a  temperature  of  l40®  for  10  hours.  Before 
the  usual  treatment  of  the  sulfor^ated  mass  with  barium  carbonate,  the  solution  of 
dichdl or oe thane  was  poured  off;  after  distillation  of  the  dichloroethane,  the  liquid 
that  remained  went  over  at  a  temperature  of  174-175*’*  There  was  thus  recovered  0.8  g 
of  unreacted  acetylfuran.  The  sulfonated  mass  was  treated  in  the  usual  way,  and  2.5 
g  of  the  barium  salt  of  the  sulfonic  acid  of  acetylfuran  was  obtained.  The  yield, 
based  on  the  acetylfuran  used  up,  was  82.5^.  For  purposes  of  analysis,  the  salt  was 
recrystallized  from  a  water -alcohol  solution. 

22.295  ins  substance:  IO.155  mg  BaS04. 

Found  Ba  26.81.  * 

/  Ci2lIio0ioS2Ba.  Calculated  Ba  26.65. 
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The  solution  of  the  barium  salt,  after  treatment  cf  the  sulfonated  masp  with 
barium  carbonate,  gave  no  precipitate  with  S -benzyl thlur one  chloridej  the  formation 
of  a  precipitate  is  characteristic  of  a-furanaulfonic  acid. 

Oxidation  with  Bromine  Water.  Even  in  the  cold,  bromine  water  produced  a 
voluminous  precipitate  of  barium  sulfate  from  a  solution  of  the  barium  salt  of  acetyl- 
f uransulf onic  acid. 

1  g  of  the  barium  salt  of  the  sulfonic  acid  of  acetylfuran  was  dissolved  in 
15  ml  of  water.  The  bromine  water  was  added  as  long  as  the  color  of  the  bromine 
disappeared.  The  precipitate  of  barium  sulfate  was  filtered  off  through  a 

filter  crucible.  Then  the  precipitate  was  dried  and  roasted.  Wei^t  of  barium 
sulfate:  O.32  g. 

Oxidation  with  Chromate  Mixture.  To  a  solution  of  1  g  -of  the  barium  salt 
of  acetylfuransulfonic  acid,  chromate  mixture  was  added.  The  mixture  was  heated  on, 
a  water  bath  for  30  minutes,  and  allowed  to  stand  overnight.  It  was  then  treated 
with  a  paste  of  barium  carbonate  and  boiled  for  I.5  to  2  hours,  until  there  was  no 
chromate  color  in  the  filtrate.  The  filtrate  was  concentrated.  The  salt  which  re¬ 
mained  after  concentration  was  tested  by  fusion  with  metallic  sodium  for  the  presence 
of  sulfur.  No  black  precipitate  of  liver  of  sulfur  was  formed.  Upon  acidification, 
no  odor  of  hydrogen  sulfide  was  observed. 

SUMMARY 

1.  By  means  of  pyridine-sulfotrloxide,  acetylfuran  has  been  sulfonated  for  the 
first  time  with  825(1  yield. 

2.  The  monosulfonic  acid  of  acetylfuran  has  been  obtained  and  analyzed  in  the 
form  of  its  barium  salt.  The  sulfonic  acid  obtained  was  2-acetylfuransulfonic  acid- 

5. 

3.  No  perceptible  quantities  of  the  p-isomer  of  acetylfuran  sulfonic  acid 
have  been  obseinred. 
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THE  INVESTIGATION  OP  THE  SESQUITERPENE  ALCOHOL  "SHAIROL" 


II. :  THE  NMER  OP  DOUBLE  BONDS  IN  SHAIROL 
N. .  P. .  Kiryalov 

Cheulcal  Laboratory  of  the  Departaent  of  Plant  Resources  of  the  V.  L. 
KomaroT  Botanical  Institute  of  the  Acadeny  of  Sciences,  USSR 


Shairol  was  found  in  19^0  in  the  ethereal  oil  from  the  roots  of  Ferula 
pyramidata  (Kar  and  Kir)  Eug  Kor.*  According  to  previously  published  data  [4,5], 
shairol  is  a  sesq^uiterpene  alcohol  with  the  composition  CisHsaO,  with  m.p.  91-95“  ^ 
and  with  a  hydroxl  group  in  a  tertiary  position,  as  can  be  deduced  from  the  ease 
with  which  it  splits  off  water  upon  heating  with  formic  acid,  and  from  its  inability 
to  form  phthallic  esters. 

In  the  carbon  skeleton  of  shairol  there  is  doubtless  a  Junction  of  the  five- 
and  seven-membered  rings,  in  view  of  the  fact  that  upon  dehydrogenation  shairol 
gives  azulene,  with  the  composition  CisHis*  The  fact  that  shairol  can  be  easily 
oxidized  by  potassium  permanganate  (during  the  oxidation  the  compounds  C15H2QO3, 
with  m.p.  221-225®,  and  C15H2SO3,  with  m.p.  102-105“,  are  formed)  these  have  been 
partially  investigated)  leads  to  the  conclusion  that  there  is  at  least  one  double 
bond  present  in  shairol.  An  indirect  confirmation  of  this  hypothesis  is  the  forma¬ 
tion  during  the  dehydration  of  shairol  of  the  hydrocarbon  shairene,  with  two  double 
bonds  of  which  only  one  can  have  arisen  by  the  splitting  off  of  water,  while  the 
second  double  bond,  apparently,  was  present  in  shairol  (if  we  exclude  the  possibility 
of  isomerization,  which  is  probable,  for  example,  in  three-ringed  alcohol^.  However, 
at  the  same  time,  direct  experiments  on  hydrogenation  have  not  succeeded  in  showing 
the  presence  of  double  bonds  in  shairol;  this  is  assumed  to  be  due  to  the  peculiar 
position  of  the  double  bond,  and  the  difficulty  of  its  hydrogenation.  In  view  of 
the  need  for  more  definite  data  on  the  number  of  double  bonds  in  shairol,  in  order 
to  decide  whether  the  compo\md  is  monocyclic  (in  case  there  are  two  double  bonds), 
bicj’cllc  (in  the  case  of  a  single  double  bond),  or  tricyclic  (without  double  bonds), 
we  undertook  the  experiments  described  below.  It  was  found  that  with  the  use  of 
PtOs  in  an  smount  of  up  to  of  the  weight  of  the  shairol  undergoing  hydrogenation 
(previously,  traces  of  catalyst  had  been  used),  there  took  place  a  comparatively 
rapid  change  of  shairol  into  dihydroshairol,  with  the  composition  of  C15H2BO.  Di- 
hydrorbairol  is  a  colorless,  viscous  liquid,  which  gives  no  reaction  with  potassium 
permanganate  or  brcmiiie.  This  shows  that  only  a  single  double  bond  is  present  in 
shairol.  As  further  evidence  of  the  presence  of  the  double  bond  in  shairol,  we  have 
the  experiment  on  the  dehydration  of  dibydroshairol  with  formic  acid,  to  give  a 
hydrocarbon  dihydroshairene,  with  the  composition  with  a  single  double 

bond  (molecular  refraction  data)  formed  by  the  splitting  off  of  water.  Upon  the 
liydrogenaLlon  of  dihydroshairene,  the  hydrocarbon  tetrahydroshairene,  with  the  com¬ 
position  CisHsaj  obtained.  This  was  a  saturated  compound  (it  gave  no  reaction 
for  the  double  bond) .  The  evidence  indicated  above  is  so  definite  that  apparently 
no  further  confirmation  is  needed.  None  the  less,  we  undertook  to  carry  out  experi¬ 
ments  on  the  titration  of  shairol  with  benzoyl  hydrogen  peroxide.  In  accordance 

prof.  E.  P.  Korovin  in  an  illustratad  monograph  on  the  £oni:!3  Femla  (press  of  the  Acad.  Scl.  USSR,  1947) 
substituted  the  narae  Fei~ula  pyramidata  for  Ferula  fenilttjooides  (b'teud)  Eug.  Kor.  comb.  n. 
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with  the  InveBtlgatlorxS  of  N.A.Prilezhayev,  S.S.Nametkln,  B.A.Arhuzov,  Bezeken, 
Meycrveln,  and  other  Russian  and  foreign  investigators,  [i,3]  the  oxidation  of  a 
molecule  of  an  unsaturated  compound  containing  a  double  bond,  as  a  rule,  requires 
the  expenditure  of  an  equlmolecular  amount  of  benzoyl  hydrogen  peroxide,  with  the 
formation  of  the  corresponding  oxide.  The  reaction  is  usually  quantitative,  and 
therefore  has  been  proposed  as  a  method  for  the  determination  of  the  number  of 
double  bonds  in  unsaturated  compounds. 

The  oxidation  of  pure  shalrol  (m.p.  91-95®)  in  a  solution  of  chloroform  by 
benzoyl  hydrogen  peroxide  was  carried  out  many  timef«  both  at  room  temperature  and 
below  (-10®) 5  it  always  led  to  the  formation  of  a  liquid,  almost  colorless,  viscous 
product  with  ng°  1.4953  -  1.4940.  The  latter  compound,  according  to  the  data  of 
analysis,  did  not  correspond  to  the  oxide;  it  was  stable  to  KMn04  in  neutral  acetone 
solution,  and  easily  changed  upon  distillation  in  vacuum,  or  with  steam  at  atmos¬ 
pheric  pressure.  Upon  heating  the  substance  with  alkali,  no  alkali  was  consumed. 

It  is  of  interest  to  note  that  the  oxidation  of  shairol  with  benzoyl  hydrogen 
peroxide  takes  place  very  rapidly  with  considerable  evolution  of  heat,  and  is  usually 
completed  in  no  more  than  30  minutes.  For  the  oxidation  of  a  molecule  of  shalrol, 
fewer  than  two  molecules  of  the'benzoyl  hydrogen  peroxide  are  required,  and  80-95^ 
more  thiin  one  molecule. 

These  facts  permit  us  to  assume  that  the  product  of  the  oxidation  of  shairol 
by  benzoyl  hydrogen  peroxide  is  a  mixture  of  compounds  with  different  oxygen  con¬ 
tent,  probably  the  complete  oxide,  and  unstable  products  of  the  peroxide  type. 

This  assumption  was  partially  confirmed  by  the  fact  that  the  action  of  KMn04 
in  acetone  solution  in  a  weakly  alkaline  medium  on  the  product  of  the  oxidation  of 
shairol  by  benzoyl  hydrogen  perdicide  gave  a  25^  yield  of  a  substance  with  the  compo¬ 
sition  CisHcoCa^  88-89.5®)  this  corrspondM  to  the  composition  and  properties 

of  shalrol  oxide. 

The  production  of  the  monoxide  of  shairol  was  satisfactory  evidence  of  the 
presence* in  shairol  of  one  double  bond.  The  unusual  course  of  the  oxidation  of 
shairol  by  benzoyl  hydrogen  peroxide  required  an  Investigation  of  the  mechanism  of 
the  reaction,  and  of  the  character  of  the  sabstances  formed  during  it,  and  could 
apparently  be  explained  by  a  hypothesis  about  the  specific  peculiarity  of  the  double 
bond.  We  might  have  arrived  at  this  conclusion  somewhat  earlier  on  the  basis  of 
the  formation  from  shairol,  by  oxidation  with  potassircn  permanganate  in 
acetone  solution,  of  two  crystalline  compounds,  one  of  which  had  the  carbon  'skeleton 
of  a  naphthalene  derivative,  and  the  other  the  carbon  skeleton  of  an  azulene  deriva¬ 
tive. 

,  In  connection  with  this  work,  we  must  note  one  more  fact.  According  to  the 

literature  [6,a]^  the  formation  of  a  color  with  Br2  in  chloroform  or  acetic  acid  is 
considered  specific  for  azulene -forming  substances.  Under  the  action  of  bromine, 
compounds  with  an  azulene  carbon  skeleton  give  a  blue  or  violet  color.  From  the 
data  on  shairol,  shairene,  dihydrcshairene,  and  the  hydrogenated  derivatives  of 
these  compounds,  it  follows  that  unsaturated  compounds  easily  give  the  color  reaction 
with  Bro.  The  hydrogenated  compounds  (dihydrosbairol,  tetrahydroshairene)  do  not 
give  this  reaction,  or  it  is  not  characteristic  (in  acetic  acid).  Thus,  the  single 
satisfactory  method  of  recognizing  saturated  compounds  with  an  azulene  skeleton  at 
present  is  dehydrogenation  which  leads  to  the  formation  of  typical  azulenes.  Satur¬ 
ated  compounds  of  the  azulene  series  cannot  be  distinguished  by  means  of  the  known 
qualitative  reactions. 
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EXPERIM3STAL 

The  Preparation  and  Properties  of  Dihydro shalrol 

1.2  g  of  PtOa  r^repared  according  to  the  method  of  Adams  [7])  vas  reduced 
with  continuous  agitation,  in  5  ml  of  glacial  acetic  acid.  Over  a  10  minute  period, 
220  ml  of  hydrogen  were  required  for  the  reduction.  To  the  mixture  obtained,  there 
vas  added  a  solution  of  4  g  of  shairol  in  20  ml  of  glacial  acetic  acid.  In  the  hyd¬ 
rogenation,  which  took  2  hours,  452  ml  of  hydrogen  (20®,  765  ram)  was  used  up,  after 
which  the  consumption  of  hydrogen  practically  ceased.  The  velocity  of  hydrogenation 
at  first  amounted  to  5O-6O  ml  of  H2  in  iO  minutes,  and  toward  the  end  (after  I.5 
hours)  2-5  ml  in  10  minutes. 

The  solution  was  neutralized  with  soda  and  ^team-distilled  over  a  period  of  I.5 
to  5  hours.  A  colorless,  viscous,  oily  liquid  was* isolated,  in  a  quantity  of  4.1  ml. 
The  oil  did  not  react  with  permanganate  in  acetone  solution  and  did  not  crystallize 
even  upon  coolJLng  to  -I5®.  It  was  very  soluble  in  ether,  ethyl  alcohol,  and  xylene, 
and  insoluble  in  water. 

B.p.  125-127“  (5  mm)j  ng°  1.4952;  d|8  0.955^;  +  16.8®;  MR^  68.11. 

CisHsaO.  Calculated:  MRj)  68.59. 

0.1222  g  substance:  O.5607  g  CO2;  O.I58O  g  H2O. 

Found  ‘joi  C  80. 5O;  H  12.54. 

Ci5H280*  Calculated  C  80.55}  H  12. 5O. 

Determination  of  hydroxyl  according  to  the  method  of  Chugayev  and  Tserevltinov 
(xylene  solvent) : 

0.0666  g  substance:  6.52  ml  CH4  (0®,  jSO  mm). 

Found  OH  7.5* 

CisHayOH.  Calcoilated  OH  7*59. 

The  dl  hydro  shairol  obtained  did  not  react  with  bromine  in  chloroform  solution, 
and  did  not  form  any  color  (difference  from  shairol) .  In  acetic  acid  solution  dl- 
hydroshairol  and  bromine  formed  a  blue  solution  only  after  prolonged  action  (not 
less  than  2  hours). 

The  Prenaration  a.nd  Properties  of  Dihydroshairene 

5.2  g  of  dihydroshai-rol  was  heated  to  boiling  with  5  ml  of  90^  formic  acid 

for  15  minutes.  The  solution  vas  cooled^  neutralized  with  soda,  and  steam-distilled. 
There  quickly  came  over  (15-20  minutes)  a  colorless/  almost  odorless  hydrocarbon  with 
the  following  characteristics  (after  distillation  over  Na) : 

B.p.  98-102®  (5  mm);  dig  0.8982;  n^  I.4906;  +  18.84®;  MRq  66.58. 

Ci5n2aFi.  Calculated:  ^iRJ3  66. 60.  ' 

0.0954  g  substance:  0.2936  g  CO2;  O.IO72  g  H2O. 

Found  C  87. 19;  H  12.75. 

Ci5n2a-  Calculated  G  87.58;  H  12.62. 

The  dihydroshairene  obtained  reacted  with  bromine  in  chloroform  or  acetic  acid 
solution,  to  give  first  a  colorless  product,  which  comparatively  quickly  acquired  a 
blue  color. 

Dihydroshairene  easily  decolorized  permanganate  in  acetone  solution.  It  was 
very  soluble  in  the  usual  solvents,  slightly  soluble  in  acetic  acid,  insoluble  in 
water . 

The  Preparation  and  .Proper ties  of  Tetrahydroshairene 

Platinum  oxide  prepared  according  to  the  directions  of  Adams  [7],  in  a  quantity 
of  0.25  g,  was  mixed  with  8  ml  of  glacial  acetic  acid  and  reduced  with  continuous 
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shaking .  54  ml  of  hydrogen  was  ;  used  up  in  the  reduction.  '  To  the  mixture  was  then 

added  1.5  g  of  dihydroshalrene.  The  hydrogenation  was  completed  in  5O  minutes  (17®. 
768  mm),  with  145  ml  of  hydrogen  being  consumed  (required  for  1  double  bond,  l4l  ml). 
The  solution  was  neutralized  with  dilute  NaOH,  and  the  oil  distilled  with  steam. 
Yield  1.5  ml.  The  hydrocarbon  which  came  over  was  distilled  over  Na  and  obtained  in 
the  form  of  a  colorless  liquid  with  the  properties: 

B.p.  85-86®  (2-5  mm);  dfg  0.8855;  1.4788;  +  26.67®;  MRp  66.74. 

C15H28.  Calculated  MR^:  67. 07. 

0.1156  g  substance:  0.5594  g  CO2;  0.1570  g  H2O. 

0.0953  g  substance:  O.5OI8  g  CO2;  O.II59  g  H2O. 

Found  C  86.26;  86.56;  H  13.40,  15.51. 

Ci5H2a.  Calculated  C  86.54;  H  15.46. 

Tetrahydrosha Irene  was  unchanged  in  a  chloroform  solution  of  bromine;  no  vio¬ 
let  or  blue  color  was  observed  even  after  several  days.  Tetrahydroshairene  colored 
an  acetic  acid  solution  of  bromine  a  weak  blue  after  5  to  4  hours.  In  its  solubility 
in  different  solvents,  tetrahydroshairene  did  not  differ  from  dihydro shairene. 

The  Action  of  Benzoyl  Hyt^ogen  Peroxide  on  Shairol 

The  titration  of  shalrol  with  benzoyl  hydrogen  peroxide  at  room  temperature; 

1)  0.C442  g  of  shairol  was  dissolved  in  5  ^  of  chloroform,  and  to  the  solution 

was  gradually  added  5  ml  of  0.1  N  solution  of  benzoyl  hydrogen  peroxide  in  chloro¬ 
form.  After  50  minutes,  the  excess  of  benzoyl  hydrogen  peroxide  was  titrated  in 
the  presence  of  KI  in  acetic  acid  with  a  0.1  N  thiosulfate  solution.  5.55  cJ.  of  the 
0.1  N  benzoyl  hydrogen  peroxide  solution  was  consumed  during  the  oxidation. 


Benzoyl  hydrogen  peroxide  consumed .  0.0524  g. 

Benzoyl  hydrogen  peroxide  calculated  for  one  double  bond . O.O278  g. 

Benzoyl  hydrogen  peroxide  calculated  for  two  double  bonds .  O.O556  g. 


2)  0.0514  £  of  shairol  was  oxidized  as  in  the  first  experiment,  but  the  excess 
.of  perbenzoic'  acld''was  titrated  after'  24  hours.  The  Ewount  of  0.1  N  perbenzoic 
acid  used  up  in  the  oxidation  was  4.5  ml. 


Benzoyl  hydrogen  peroxide  consumed .  0.05$5  g. 

Benzoyl  hydrogen  peroxide  calculated  for  one  double  bond .  0.0519  g. 


Benzoyl  hydrogen  peroxide  calculated  for  two  double  bonds....  O.O658  g. 

The  oxidation  of  shairol  with  perbenzoic  acid  at  -10®.  5)  O.O6  g  of  shairol 

was  dissolved  in  5  ml  of  chloroform,  and  the  solution  cooled  to  -10®.  To  it  there 
was  gradually  added  10  ml  of  a  solution  of  chloroform  (cooled  to  -12®)  containing 
0.158  g  of  perbenzoic  acid.  After  50  minutes,  a  back  titration  required  4.8  ml  of 
0.1  K  thiosulfate  solution,  -i .e. ,  the  oxidation  had  consumed  5*2  ml  of  0.1  N  per¬ 
benzoic  acid. 


Perbenzoic  acid  consumed .  O.O717  g. 

Perbenzoic  acid  calculated  for  one  double  bond .  0.0573  g.* 

Perbenzoic  acid  calculated  for  two  double  bonds .  0.0746  g. 


Tlie  oxidation  of  shairol  with  perbenzoic  acid  at  -10®  over  a  period  of  24 
hours  gave  results  close  to  those  described  in  experiment  5). 

The  oxidation  of  shairol  with  an  amount  of  perbenzoic  acid  equivalent  to  one 
double  bond  led  to  incomplete  oxidation. 

4)  1  g  of  shairol  was  dissolved  in  10  ml  of  chloroform  and  the  solution  cooled 
to  -10®.  To  the  solution  was  gradually  added  15*5  chloroform  (cooled  to  -10®) 

containing  0.055^  g  of  perbenzoic  acid  (O.6216  g  of  perbenzoic  acid  was  needed  for 
a  single  double  bond  in  1  g  of  shairol).  To  avoid  heating  the  mixture  (the 
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temperature  of  the  mixture  could  rise  to  -5®,  and  even  to  +2®  upon  rapid  mixing 
of  the  Eolutions)  the  addition  of  the  perbenzoic  acid  solution  was  carried  out 
very  carefully.  Cooling  kept  it  from  going  above  -9* •  At  the  end  of  the  addition 
(this  required  10  to  15  minutes)  no  perbenzoic  acid  was  observed  in  the  solution. 
The  solution  was  shaken  three  times  with  5/^  soda  (until  the  benzoic  acid  had  been 
completely  removed),  the  chloroform  was  driven  off  in  vacuum,  and  the  residue  dis¬ 
solved  in  ethyl  alcohol  and  diluted  with  water  until  the  solution  became  cloudy. 
Needlelike  crystals  separated  out  to  the  amount  of  0.4  g,  with  m.p.  91-92®;  they 
gave  no  m.p.  depression  upon  mixing  with  shalrol.  The  residue  which  did  not  crys¬ 
tallize  was  concentrated  to  give  a  thick  colorless  liquid  with  1.4940. 

5)  The  oxidation  of  shalrol  with  perbenzoic  acid  used  on  a  basis  of  more  than 
two  double  bonds  (1.4-1.48  g  of  perbenzoic  acid  per  1  g  of  shalrol)  was  allowed  to 
take  place  in  chloroform  at  a  temperature  not  below  -5®  for  50  minutes.  After 
treatment  of  the  solution  with  soda  and  removal  of  the  solvent  in 'vacuum,  it  gave 
a  completely  liquid  pro'duct,  either  colorless  or  yellowish,  with  a  neutral  reaction 
and  ng°  1.4958-1.4940. 


Investigation  of  the  Product  Obtained  with  n^^  1.4940,  By 
Oxidizing  Shairol  with  Benzoyl  Hydrogen  Peroxide 


1.  It  was  observed  that  the  action  of  a  5^  solution  of  neutral  potassium  per¬ 
manganate  in  acetone  upon  the  substance  produced  no  oxidatinn,  and  the  permanganate 
was  not  decolorized. 

2.  Analysis  gave  the  following  data: 

0.1154  g  substance:  O.5IOI  g  CO2;  0.1102  g  HgO. 

Found  C  75.28;  H  10. 61. 

C15H26O2.  Calculated  C  75*65;  H  10. 92. 

C15H26O3.  Calculated  C  70.87;  H  10.24. 

From  the  analysis  it  was  possible  to  conclude  that  the  aib stance  was  neither 
the  oxide  nor  the  dioxide  of  shairol. 

5.  Distillation  of  the  substance  at  2  mm  gave  a  product  with  b.p.  115-150“ > 
n§°  1.5165,  in  the  form  of  a  thick  dark -yellow  liquid  with  a  green  tinge;  it  had 
an  unsaturated  character. 

0.1514  g  substance:  0.5791  6  CO2;  0.1202  g  H2O. 

0.1297  S  substance:  0.5756  g  CO2;  O.II98  g  H2O. 

Found  p.  C  78.67,  78.55}  H  10. 16,  10.26. 

Thus,  distillation  in  vacuum  produced  a  sharp  change  in  the  composition  of 
the  original  substance. 

4.  Upon  distillation  of  the  substance  with,  steam  in  neutral  aqueous  solution, 
there  was  obtained  a  good  yield  of  product  with  n^^  I.5205;  this  product  gave  an 
intense  violet  color  with  bromine  in  acetic  acid.  This  product  was  uneaturated 

(1  g  of  I3in04  was  used  up  for  0.2  g  of  the  product).  Analysis  gave  the  following 
results: 

0.1062  g  substance:  O.5IOO  g  CO2;  0.1040  g  H2O. 

0.1128  g  substance:  O.5297  g  CO2;  O.IIO5  g  HpO. 

Found  C  79*60,  79*71}  H  10.88, 'lO. 88. 

Thus,  even  upon  distillation  of  the  substance  with  n^®  1.4940  with  steam, 
there  was  a  change.  The  amount  of  oxygen  decreased,  and  double  bonds  appeared. 

5.  0.1  g  of  the  substance  with  n§°  1.4940  was  heated  for  an  hour  at  the 
boiling  point  in  an  alcoholic  solution  with  10  ml  of  0.1  N  KOH.  At  the  end  of  the 
period,  a  back  titration  required  10  ml  of  0.1  N  HoSO^^  i.e.,  no  alkali  was  consumed. 


195 


but  the  product  appeared  unsaturated  (easily  decolorized  pertaanganate ) . 

These  facts  permit  us  to  assume  that  the  oxidation  of  shalrol  with  benzoyl  hy¬ 
drogen  '  peroxide  gives  an  unstable  product,  possibly  containing  a  substance  of  the 
peroxide  type.  However,  in  the  product  with  n£°  1.4940,  we  also  observed  an 
oxide  in' the  following,  somewhat  unusual  manner. 

fae  Action  of  Pernanp^anate  on  the  Product  of  the  0:<idation  of 
Shairol  with  Perbenzoic  Acid 


2  g  of  the  product  of  the  oxidation  of  shairol  with  perbenzoic  acid  with 
1.4940  was  dissolved  in  50  ml  of  acetone.  To  the  solution  there  were  added  grad¬ 
ually,  with  shaking,  110  ml  of  5/i^Mn04  and  5  nil  0.1  N  KOH.  After  20  hours,  long 
felt-like  needles  were  observed  in  the  solutionj  these  were  slightly  soluble  in 
aqueous  acetone  and  aqueous  alcohol.  M.p.  08-89.5**  (from  aqueous  alcohol).  Yield 
0. 4-0.5  g*  A  mixed  test  with  shairol  gave  a  sharp  lowering  of  the  m.p. 

0.1008  g  substance:  O.2789  g  CO2;  0.0993  g  H2O. 

0.0926  g  substance:  O.2564  g  CO2J  0.0915  g  H2O. 

Found  C  75-46,  75-61;  H  10. 94,  10. 95. 

Ci5H2a02.  Calculated  C  75*635  H  IO.92. 


Determination  of  hydroxyl  by  the  method  of  Chugayev  and  Tserevitinov  (xylene 


as  solvent) : 


0.0426  g  substance:  5-9  nil  CH4  (0®,  76O  mm). 
Found  OH  6.94. 

Ci5H2s0(0H).  Calculated  OH  7-14- 


The  substance  liberated  iodine  from  KI  in  acetic  acid,  and  thus  behaved  like 
piperitone  oxide,  which  had  been  studied  by  Williams  and  Balkovsky  [2].  On  the 
basis  of  its  composition  and  properties,  the  substance  seemed  to  be  shairol  oxide. 

It  was  not  oxidized  by  permanganate,  and  with  bromine  in  acetic  acid  solution  formed 
a  cherry-red  color,  which  changed  into  an  intense  violet.  The  fact  that  shairol 
oxide  was  obtained  confirmed  the  presence  of  one  double  bond  in  shairol. 

SUMMARY 


1,  Shairol  has  only  one  double  bond,  as  is  shown  by  the  following  facts: 

a)  Shairol  is  hydrogenated  in  the  presence  of  platinum  black  to  give  dihydro- 
shalrol,  with  the  composition  C15R28O; 

b)  The  dehydration  of  dihydro  shairol  leads  to  the  formation  of  a  hydrocarbon 
with  one  double  bond:  dihydroshairene,  with  the  composition  Ci5H2a; 

c)  The  hydrogenation  of  dihydroshairene  results  in  the  saturated  tetrahydro- 
shairene,  with  the  composition  Ci5H2a- 

2.  The  oxidation  of  shairol  with  benzoyl  hydrogen  peroxide  does  not  take  place 
in  the  usual  manner.  For  each  molecule  of  shairol,  1.8  to  1-95  molecules  of  per¬ 
benzoic  acid  are  consumed.  The  oxidation  gives  a  liquid  with  n^  1.4940,  stable 

to  KMn04  in  acetone  solution,  but  easily  changed  upon  heating  in  vacuum  or  with 
steam.  From  this  liquid,  the  action  of  permanganate  in  weakly  alkaline  acetone  sol¬ 
ution  gives  a  substance  with  the  composition  Ci5H2602^  vith  m.p.  88-89-5** >  and  the 
properties  of  aphalrol  oxide;  this  confirms  the  presence  of  one  double  bond  in 
shairol.  The  greater  part  of  the  products  of  oxidation  of  shairol  by  perbenzoic 
acid  remains  of  unknown  nature,  but  in  its  properties  it  resembles  compounds  of  the 
peroxide  type. 

5.  Shairol  and  its  unsaturated  derivatives  easily  give  a  specific  blue  or 
violet  color  with  bromine  in  chloroform  or  acetic  acid  solution.  Tlie  hydrogenated 
derivatives  of  shairol  do  not  give  the  color  reaction  with  bromine,  or  give  one 
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THE  MECHANISM  OP  THE.  CONDENSATIONS  OF  ACID  HALIDES 
WITH  TERTIARY  AMINES 

III. :  HIE  REACTION  OP  BEWZOYL  CHLORIDE  WITH  2-AMINOPYRIDINE 

S,..  I. .  Lurye 

institute  of  Biological  and  yedlolnal  Chenistry  of  the  Aeadeay  of  Medical  Sciences 

In  our  previous  work  [i],  we  have  explained  the  role  of  water  in  the  conden¬ 
sation  of  acid  halides  of  carboxylic  acids  with  tertiary  amines,  and  have  shown 
that  in  the  presence^  of  moisture,  the  complex  first  formed  in  the  reaction  decom¬ 
poses  to  give  the  acid  anhydride  and  the  tertiary  amine.  In  the  present  work,  we 
have  studied  one  of  the  specific  Instances  of  this  reaction,  that  between  benzoyl 
chloride  and  2-aminopyridine  in  a  pyridine  medium  containing  water.  It  is  known  [2] 
that  2-aminopyridine  reacts  with  benzoyl  chloride  to  give  mono-  and  dibenzoyl -2- 
aminopyridlne.  In  carrying  out  this  reaction  in  pyridine  containing  water,  we 
had  already  isolated  a  substance  with  the  empirical  formula  CiaHieOaNc.  As  this  com¬ 
pound  differed  from  monobenzoyl-2-am.inopyridine  by  one  molecule  of  benzoic  acid, 
and  from  dibenzoyl -2-aminopyrldine  by  one  molecule  of  water,  we  might  suppose  that 
its  structure  could  be  expressed  by  one  of  the  following  formulas; 

COCeHs 

I<  •  H2O 

COCqHs 

(I)  H  ScOCaHs 

(II) 

•  f 

However,  upon  heating  this  substance  in  vacuum  at  I50®,  benzoic  acid  split  off, 
and  not  water,  to  give  monobenzoyl -2 -amlnopyridlne.  The  same  products  could  be 
obtained  by  treating  the  substance  in  the  cold  with  an  alcoholic  solution  of  hydro¬ 
gen  chloride.  As  under  these  conditions  there  is  ho  change  in  dlbenzpyl-2-amlno- 
pyrldine,  this  gives  us  grounds  to  consider  that  formula  (l)  does  not  reflect  the 
structure  of  our  substance.  The  excellent  solubility  in  ether,  and  the  slight 
solubility  in  water  are  not  characteristic  properties  of  complexes  of  type  (ll) . 
Attempts  to  obtain  similar  complexes  from  benzoic  acid  and  monobenzoyl -2-arainopyri- 
"dlhe'did  not  give  the  desired  results.  Thus,  the  investigation  of  the  properties 
of  our  substance  forced  us  to  discard  structural  formulas  (l)  and  (ll)  and  induced 
us  to  believe  that  it  would  be  expedlen^t  to  approach  the  determination  of  its  struc¬ 
ture  by  investigating  the  mechanism  of  its  foncationj  we  did  this  with  the  aid  of 
several  theoretical  assumptions  which  had  previously  been  shown  to  be  of  great 
help  in  a  study  of  similar  reactions. 

As  has  been  indicated  above,  our  substance  was  obtained  only  when  moist  pyri¬ 
dine  was  used  as  the  reaction  medium.  In  accordance  with  our  previous  work  [1], 
the  anhydrides  of  the  carboxylic  acids  are  obtained  under  these  conditions.  Conse¬ 
quently,  in  this  case  too  we  had  to  expect  the  formation  of  the  anhydride  of  benzoic 
acid,  which  would  then  react  with  2 -amlnopyridlne.  In  order  to  confirm  this  suppos¬ 
ition,  we  carried  out  the  condensation  of  2-aminopyridine  with  the  anhydride  of 
benzoic  acid  *  in  different  solvents,  and  we  thus  obtained  a  substance  similar  in 
composition  and  properties  to  the  .sub stance  which  separated  out  during  the  condensation 


199 


The  anhydride  of  benzoic  acid  was  obtalnod  from  benzqyl  chloride  end  moist  pyridine  in  yields  frco 
75-8?.%  of  theory. 


of  benzoyl  chloride  with  2-aminopyridine  in  moist  pyridine  medium.  These  experiments 
confirmed  the  correctness  of  our  hypothesis  that  2-aciinopyridine  reacted  not  with 
the  benzoyl  chloride,  but  with  the  benzoyl  anhydride.  The  condensation  of  these  two 
reagents  was  favored  by  the  possibility  of  resonance  structures  [3]  arising  in  them. 

In  the  2-amlnopyrldine  molecule,  the  nitrogen  atom  in  the  heterocycle  has  one  pair 
of  free  electrons,  while  several  resonance  structures  have  two  pairs  [3];  this 
favors  its  close  approach  to  the  molecule  of  benzoic  anhydride,  which  has  a  posi¬ 
tive  carbon  atom  in  several  resonance  structures,  and  this  favors  the  occurrence 
of  a  reaction  between  the  molecules^  in  its  turn,  the  reaction  leads  to  the  forma¬ 
tion  of  a  complex  of  type  III. 


I  I 

HO-C  C~  0 

/  \  /  \ 

H5C3  0  CgHg 


HO-C^  jC-OE 
H5C3  0  C5H5 


(V)  (VI) 

As  a  result  of  a  transformation,  connected  with  the  process  of  disbociatlon  and 
stabilization  of  this  type  of  complex  [1,4],  a  compound  of  type  (iv)  can  be  formedj 
this  is  a  pyridonlmine  derivative.  We  attempted  to  shew  that  the  coripound  we  had 
obtained  had  a  pyrldonjmlne  grouping.  The  method  of  heating  with  alkali  [s], 
which  gives  good  results  for  alkyl  derivatives  of  pyridonlmine,  was  inapplicable, 
as  upon  heating  with  alkali  the  substance  decomposed  to  give  benzoic  acid  and 
amlnopyridlne .  Precipitation  with  carbon  dioxide  [6]  gave  negative-  results. 

One  of  the  most  convincing  proofs  of  the  existence  of  the  pyrldonimine  struc¬ 
ture  is  the  formation  of  bicyclic  compounds  by  the  condensation  of  2-QmlnopyTidlne 
with  the  esters  of  mono-  and  dialkylmalonic  acids  [v].  The  reaction  of*2-amlno- 
pyrluine  with  benzoic  anhydride,  which  we  had  under  consideration,  was  very  close 
in  character  to  its  reaction  with  the  esters  of  malonic  acid.  A  consideration  of 
the  mechanism  of  this  reaction  had  already  led  us  to  a  compound  with  formula  (IV), 
whose  resonance  structures  possessed  the  groups  =113=  and  -<!*■  — 0“,  favorable  to  the 
formation  of  intraiiiolec\ilar  complexes  of  type  (v),  and  these,  in  the  process  of 
transformation  customary  for  such  complexes,  would  give  compound  (Vl),  i.e.,  a  com¬ 
pound  which  contained  two  condensed  rings  and  was  a  pyridonlmine  derivative.  This 
formula  corresponded  to  the  empirical  fonaula  of  the  compound  we  had  obtained,  and 
completely  explained  its  chemical  properties. 

Thus,  having  ennfirmed  the  formation  of  benzoic  anhydride  under  the  conditions 
of  our  reaction,  and  its  ability  to  condense  with  2-amlnopyridlne,  we  were  able  to 
giv^  a  theoretical  analysis  of  the  mechanism  for  the  formation  of  the  substance  with 
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empirical  formula  C19H16O3N2,  and  arrived  at  the  conclus.ion  that  formula  (Vl)  cor¬ 
responded  to  its  structure.  ^ 

EXPERIMENTAL 

I.  Mono'benzoyl-2-aminopyridine 

9.U  g  of  2-arainopyridine  was  dissolved  in  20  ml  of  absolutely  dry  pyridine  and 
at  25“,  l4  g  of  freshly  distilled  benzoyl  chloride  vas  slowly  added.  After  all  the 
acid  chloride  had  been  added,  the  reaction  mixture  was  stirred  at  25®  for  I.5  to  2 
hours.  It  was  then  poured  into  water.  The  crystals  which  precipitated  out  were 
filtered  off,  and  crystallized  from  alcohol.  Yield,  75^  of  theory.  Melting  point 
of  monobenzoyl -2-aminopyridlne  85-87“. 

Found  C  73 .Oj  H  5*07» 

C12H10ON2.  Calculated  C  72.70j  H  5-09. 

II.  Dibenzoyl -2-aminopyridine 

The  condensation  of  benzoyl  chloride  with  2-amlnopyridine  was  carried  out  in  a 
medium  of  acetone,  ether,  and  10^  caustic  soda.  9*^  S  2-aminopyridine  was  dis¬ 
solved  in  25  ml  of  dry  acetone,  and  at  26®,  28  g  of  freshly  distilled  benzoyl  chlor¬ 
ide  was  added.  Two  layers  were  formed.  Agitation  was  continued  at  50-55“  2 

hours.  The  mixture  was  then  poured  into  water,  and  the  precipitate  filtered  off 
and  washed  with  water.  It  was  recrystallized  from  alcohol  in  the  form  of  white, 
glistening  needles.  It  was  slightly  soluble  in  alcohol  and  ether,  insoluble  in 
water.  M.p.  167-169“,  yield  60^  of  theory. 

Found  C  75-22;  H  4.89;  N  9.55. 

C19H14O2N2.  Calculated  C  75-46;  H  4.67;  N  9-27. 

Dlbenzoyl-2-amlnopyrldlne  was  subjected  to  the  following  treatment: 

a)  Heating  in  vacuum  for  6  hours  at  150“.  The  substance  was  unchanged.  M.p. 

167-169“ . 

Found  C  75-6l;  H  4.69. 

C19H14O2N2-  Calculated  C  75-46;  H  4.67. 

b)  Dlbenzoyl-2-Eminopyridine  was  dissolved  in  a  five-fold  quantity  of  a  10^ 
alcoholic  solution  of  hydrogen  chloride.  Dry  ether  was  added  to  this  solution  un¬ 
til  there  was  complete  precipitation.  The  precipitated  crystals  of  dibenzoyl-2- 
amincpyridine  hydrochloride  were  filtered,  washed  with  dry  ether,  and  dissolved  in 

a  small  quantity  of  water.  The  solution  vas  neutralized  with  a  2^  solution  of  soda. 
Crystals  with  m.p.  167-167.5“  precipitated,  l.e. ,  they  were  the  original  dibenzoyl- 
-2-aminopyT idine . 

Found  N  9-66. 

C19H14O2N2.  Calculated  N  9-27- 

III.  The  Condensation  of  Benzoyl  Chloride  with  2-Aminopyr idine  in 

Moist  Pyridine  Medium 

4.8  g  of  2-aminopj-r idine  was  dissolved  in  20  ml  of  moist  pyridine  (5  to  5^ 
water).  The  solution  was  heated  to  25“  and  slowly,  with  good  agitation,  7  g  of 
benzoyl  chloride  was  added.  Agitation  continued  at  this  temperature  for  I.5  to  2 
hours.  The  mixture  was  then  poured  Into  a  1%  solution  of  hydrochloric  acid.  An 
oil  precipitated;  after  cooling,  this  gradually  crystallized.  This  was  extracted 
with  ether  andT  the  extt*a:t  dried  over  sodium  sulfate.  The  ether  was  distilled  off, 
and  the  residue  crystallized  three  times  from  alcohol.  Yield  of  compound  (Vl)  40 
to  50^' of  theory.  Long  white  needles,  easily  soluble  in  alcohol  and  ether,  slightly 
soluble  in  water.  M.p.  89-90“- 
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Found  C  Tl-59j  H  5-28;'  N  8.66. 

CigHieOaNs*  Calculated  C  71*22;  H  5*0^5  N  8.7^* 

The  substance  underwent  the  following  treatment; 

a)  Heating  in  vacuiim.  1  g  of  the  substance  was  heated  in  vacuum  at  150®  (oil 
bath  temperature)  for  6  hours.  After  an  hour,  crystals  of  benzoic  acid  already 
began  to  appear  in  the  lead-off  tube.  A  dense  white  mass  remained  in  the  flask. 

It  was  recrystallized  twice  from  alcohol.  Tlie  monobenzoyl -2 -aminopyridine  obtained 
melted  at  85-87“. 

Found  C  72.85;  H  5*15* 

C12H10ON2.  Calculated  C  72.70;  H  5*09. 

b)  Heating  with  water.  The  substance  was  boiled  in  water  for  8  hours,  and  fil¬ 
tered.  It  was  then  crystallized  twice  from  alcohol.  The  substance  obtained  for 
analysis  had  m.p.  85-86®,  and  corresponded  to  monobenzoyl -2 -aminopyridine. 

Found  C  75*17;  H  5*26. 

C12H10ON2*  Calciaated  C  72.70;  H  5*09. 

Alkali  was  added  to  the  filtrate  until  the  reaction  was  neutral;  the  solution  was 
then  evaporated  to  dryness.  The  sodium  salt  was  dissolved  in  a  minimal  amount  of 
water  and  carefully  neutralized  with  hydrochloric  acid.  The  benzoic  acid  which 
precipitated  was  crystallized  from  alcohol.  It  melted  at  121-122®,  and  gave  no 
m.p.  lowering  in  a  nixed  test  with  known  benzoic  acid. 

c)  Treatment  with  an  alcoholic  solution  of  hydrogen  chloride.  2  g  of  the  sub¬ 
stance  was  dissolved  in  10  ml  of  a  10^  alcoholic  solution  of  hydrogen  chloride.  A 
transparent  solution  was  obtained.  Dry  ether  was  added  until  precipitation  was  com¬ 
plete.  Crystals  sometimes  precipitated;  more  often,  an  oil  separated.  The  substance 
was  dissolved  in  a  small  amount  of  water  and  neutralized  with  sodium  bicarbonate. 
Wlilte  crystals  of  monobenzoyl -2-aminopyrldine  precipitated.  They  were  filtered  off 
and  crystallized  from  alcohol.  M.p.  85-87“. 

Found  N  l4.52. 

C12H10ON2*  Calculated  N  l4.l4. 

d)  Treatment  with  picric  acid.  1  g  of  the  substance  was  dissolved  in  alcohol 
and  to  the  hot  solution  was  added  a  hot  saturated  alcoholic  solution  of  picric  acid. 
Clear  yellow  crystals  at  once  precipitated  out.  These  were  filtered,  washed  many 
times  with  alcohol,  and  crystallized  twice  from  alcohol.  The  melting  point  of  the 
monobenzoyl-2-amlnopyridine  picrate  was  196-197“* 

Found  N  I6.6. 

CisHiaOeNs-  Calculated  H  16.59. 

IV.  The  Condensation  of  Benzoic  Anhydride  with  2-Aiiinopyridiae 

a)  In  pyridine  medium.  5*5  g  of  2-aminopyricllne  was  dissolved  in  I5  g  of  pyr¬ 
idine  and  heated  to  26®;  8.5  g  of  benzoic  anhydride  was  gradually  added  while  good 
agitation  was  maintained.  The  temperature  slowly  rose.  After  the  addition  of  all 
the  anhydride,  the  reaction  mixture  was  agitated  for  2  hours  at  a  temperature*  of  40- 
50®.  It  was  then  poured  into  water,  and  extracted  with  ether.  The  ether  was  driven 
off,  and  the  residue  twice  recrystallized  from  alcohol.  Yield  60^.  White  needles, 
with  m.p.  89-90®. 

Found  C  71*01;  H  5*05;  N  8.5I. 

C19H10O3N2.  Calculated  C  71*22;  H  5.04;  N  8.74. 

b)  The  experiment  was  cairied  out  under  the  conditions  of  (IV,  a),  but  acetone 
was  used  as  a  medium  instead  of  pyridine.  Yellowish  needles,  with  m.p.  89-90®. 
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Found  N  8.8l. 

C19H10O3N2.  Calculated  K  8.74. 

The  melting  point  and  analysis  of  the  substance  obtained  in  experiments  IV,  a 
and  IV, b,  showed  that  it  was  similar-  to  the  substance  obtained  in  experiment  III. 

SUMMARY 

1.  The  condensation  of  benzoyl  chloride  with  2-amlnopyrldlne  in  moist  pyridine 
medium  gives  a  new  substance  with  the  empirical  formula  CieHieOaNs. 

2.  It  has  been  shown  that  in  moist  pyridine  medium,  the  reaction  takes  place 
not  between  benzoyl  chloride  and  2-aminopyridine,  but  between  the  latter  and  benzoic 
anhydride. 

3.  The  substance  with  the  empirical  formula  CigHieOaNa  is  a  bicyclic  derivative 
of  pyridonimlne. 
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CO^^PFI^ITION  FOR  PRIZES  CP  THE  USSR  /JCADEJ4Y  OP  SCIENCES  IN  1950’ 

The  Division  of  Chemical  Sciences  of  the  USSR  Academy  of  Sciences 
announces  that  the  following  prizes  of  the  USSR  Academy  of  Sciences  will  be 
awarded  in  19^0, 

I 

1.  S.V. Lebedev  Prizes.  —  One  prize  of  15^0C0  rubles  and  two  prizes  of 
5,000  rubles  each  for  the  beat  scientific  papers  in  the  field  of  synthetic 
rubber . 

Date  for  submission  of  papers:  March  1,  1950* 

2.  D.I.Meudelyeev  Prizes  —  Two  prizes  of  20,000  rubles  each  and  two 
prizes  of  10,000  rubles  each  for  original  theoretical  research  and  scientific 
papers  of  high  practical  value  in  chemistry  and  physics. 

Date  for  submission  of  papers:  November  1,  1950- 

5.  N.S.  Xurnakov  Prize  —  10,000  rubles  for  an  outstanding  paper  in  the 
field  of  ir^prganic  chemistry,  physico-chemical  analysis,  or  their  application. 

Date  for  submicslon  of  papers:  August  1,  1950- 

L.A.Chugayev  Prize  —  10,000  rubles  for  the  best  paper  on  chemistry. 

Date  for  Bubmission  of  papers;  June  15,  1950- 

5,  N.D. Zelinsky  Prize  —  10,000  rubles  for  an  outstanding  paper  in  the 
field  of  organic  chemistry  and  the  chemistry  of  petroleum. 

Date  for  submission  of  papers:  September  1,  19^0, 

6.  A.E.Forai-Koshits  Prize  —  10,000  rubles  for  the  best  research  paper 
in  the  field  of  the  chemistry  and  technology  of  dyes  and  organic  Intermediates. 

Date  for  submission  of  papers:  June  1,  1950* 

Papers  submitted  in  competition  for  the  above  prizes  should  be  addressed 
to  the  Division  of  Chemical  Sciences,  USSR  Academy  of  Sciences,  Moscow,  Bol- 
shsya  Kaluzhskaya  51 • 

Prizes  will  be  awarded  by  the  Presid’ium  of  the  USSR  Academy  of  Sciences 
to  Soviet  citizens,  groups  thereof  as  collective  authors,  and  Soviet  scientific 
institutions. 

Papers  submitted  in  competition  for  the  above  prizes  may  be  submitted  by 
scientific  societies,  research  institutes,  institutions  of  higher  learning, 
governmental  departments,  i^oclal  organizations,  and  private  individuals. 

Papers  in  competition  for  the  prizes  are  to  be  submitted  in  Russian,  in 
three  copies,  typewritten  or  printed,  with  the  legend;*  "Siibmitted  in  competition 
for  the  . Prize". 

Papers  submitted  in  competition  for  prizes  must  be  accompanied  by  brief 
biographical  data  on  the  author,  listing  his  principal  scientific -papers  and 
inventions. 

Division  of  Chemical  Sciences, 

USSR  Academy  of  Sciences. 


